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SIR, 

The  great  attention  and  zeal  with  which  your  Royal 
Highness  has  on  uU  occasions  fostered  and  patronised 
every  attempt  towards  the  improvement  of  the  Arts  and 
Sciences,  and  which  have  so  eminently  conduced  to  their 
rapid  progress,  suggested  to  me  the  propriety  of  soliciting 
the  honour  of  dedicating  the  following  treatise  to  your 
Royal  Highness. 

I  beg  to  return  my  most  grateful  acknowledgment  for 
the  distinction  of  having  been  permitted  to  inscribe,  to  so 
Illustrious  a  personage,  a  Work  which  contains  the  result 
of  my  practical  experience  of  many  years'  labour  in  my 
more  active  days. 

The  chief  object  which  I  have  had  in  view,  and  which 
has  not  hitherto,  that  I  am  aware  of,  been  attempted  in 
the  English  Language,  is  to  give  to  the  Philosopher, 
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and  scientific  Artist^  an  account  of  the  Art^  from  the 
earliest  period  to  the  present  enlightened  age^  and  to 
endeavour  to  abridge  the  labour^  and  accelerate  the  dex- 
terity of  the  practical  and  operative  artisjan. 

I  have  the  distinguished  honour  to  be^ 

Sir, 

Your  Royal  Highnesses 

Most  devoted, 

And  obliged  humble  Servant, 

THOMAS  REID- 


Edinburgh, 
9,7  th  January,  1826. 


PREFACE. 


The  Article  Horology^  which  I  contributed  to  the 
Edinburgh  Encyclopsedia^  abridged  and  imperfect  as  it 
is  from  the  limits  to  which  I  was  necessarily  confined^  at- 
tracted the  attention^  and  met  the  approbation  of  several 
scientific  and  practical  Clock  and  Watchmakers;  and  a 
separate  publication^  in  a  more  extended  form^  was  called 
for  by  some^  whose  opinions  I  am  bound  to  respect. 

Retired  from  the  active  pursuit  of  a  profession^  to  which 
my  whole  life  has  been  devoted,  I  have  endeavoured  to 
combine  my  own  observations  with  those  of  the  best  prac- 
tical writers,  and  to  give  the  operative  Clock  and  Watch 
maker  a  condensed  view  of  the  Art  in  Great  Britain 
and  on  the  Continent  of  Europe.  I  am  sensible  the  work 
still  labours  under  many  defects^  and  that  I  require  the 
indulgence  of  the  Critical  Reader;  yet  I  am  unconscious 
of  omitting,  or  slightly  passing  over  any  subject  of  essen- 
tial importance. 

At  the  advanced  age  of  Fourscore,  I  have  now  com- 
pleted a  work,  which  will,  with  all  its  imperfections,  I 
am  willing  to  believe,  prove  a  useful  vcule  mecum  to  the 
Mechanic,  for  whose  use  chiefly  it  was  written,  and  who, 
I  doubt  not,  will  consider  the  solid  information  it  may  con- 
tain, of  more  value  to  him  than  the  blandishments  of 
a  fine  style;  at  the  same  time,  it  illustrates,  by  historical 
and  biographical  details,  subjects  which  might  otherwise 
prove  dry  and  uninteresting  to  the  young  Artist.  I  am 
not  without  hope,  also,  that  my  labours  may  meet  that  can* 
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did  reception  from  the  Professors  and  Lecturers  on  Me- 
chanical Philosophy,  at  our  Universities,  Provincial 
Academies,  and  Mechanics'  Institutions,  to  which  such 
attempts  for  the  advancement  of  useful  knowledge  are 
justly  entitled. 

My  not  having  complied  with  the  wish  of  the  late  la- 
mented Professor  Robison  of  this  city,  may  perhaps  be 
received  as  an  apology  for  the  absence  of  those  theoretical 
and  philosophical  discussions  which  might  otherwise  have 
formed  a  prominent  feature  in  the  Work  now  submitted 
to  the  public.  That  learned  gentleman,  so  early  as 
1793,  had  projected  a  work  on  the  theory  and  practice 
of  Horology,*  a  subject  which  he  had  studied  with 
particular  attention;  and,  in  a  letter  addressed  to  me,  re- 
quested my  assistance  and  participation  in  the  composi- 
tion and  publication  of  the  proposed  work.  The  active 
duties  of  an  extensive  business  forbade  my  acceptance 
of  so  very  flattering  and  apparently  profitable  proposi- 
tion: I  have,  however,  endeavoured,  to  the  best  of  my 
abilities,  to  supply  the  want  of  such  a  publication,  unac- 
companied indeed  with  those  spirited  and  scientific  views 
of  Mechanical  Philosophy,  which  it  would  have  derived 
from  the  aid  of  Professor  Robison,  yet,  I  flatter  myself, 
not  the  less  calculated  for  the  practical  Clock  and  Watch 
maker,  nor  for  the  student  and  amateur  in  those  branches 
of  minute  mechanism, — ^the  wonderful  results  of  which 
are  every  day  unfolding  themselves  to  the  world. 

I  have  intrusted  the  publication  and  future  revision  of 
this  Work  to  my  friend  and  late  partner,  Mr.  Wu-liam 
AuLD,  a  gentleman  who  is  practically  acquainted  with 
the  Art;  and  I  have  no  doubt  the  subsequent  editions, 
should  the  publication  ever  require  that  circulation, 
will  be  found  to  keep  pace  with  the  march  of  general  im- 
provement. 

•  See  Bobison's  Mechanical  Phihaophy^  edited  by  Dr.  Brewster,  vol.  iv.  page 
609,  under  Uic  head  of  "  Watchwork." 
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CHAPTER  L 

f 

IfUfoduetory  and  Historical  RemarkM'^Vicy^  doek^  4*^« 

The  art  of  constructuig  machines  for  measurmg  time  has  sometioies 
been  denominated  Horology.  Th»  word  ia  derived  from  the  Greek 
'Of^Xoytw,  (through  the  Latin  Horologium)  compounded  q(  ^9  an 
how^  and  ^«>  to  read  or  poinU  oui ;  hence  ^po^<(»^  a  machjyift  for 
indicating  the  hours  of  the  daj* 

Long  before  sun-dials  were  invented^  ClepsydrsB,  or  water  clocks, 
had  been  made  in  the  most  remote  periods  of  antiquity,  and  were  used 
in  Asia,  China,  India,  Chaldea,  Egypt,  and  Greece,  where  Pbto 
mtroduced  them.  Julius  Cssar  found  them  even  in  Britain  when  he 
carried  his  arms  thither,  and  it  was  by  them  he  observed  that  the 
ni^its  in  this  climate  were  shorter  than  those  in  Italy ;  (see  his  Com- 
mentariesy  lib.  v.  sdii.)  Clepsydrae  had  been  known  at  Rome  about 
an  hundred  years  before  dus,  and  it  is  probable,  they  may  have  been 
as  long  known  in  Britain,  seeing  the  early  intercourse  the  Phoenicians 
had  with  our  ancestors  in  quest  of  tin.  See  a  description  of  a  very 
curious  Clepsydra  given  by  Mr*  Hamilton  in  No.  479  of  the  PhiL 
Trans. 

Toothed  wheels,  although  known  a  considerable  time  before,  were 
first  applied  to  Clepsydrae  by  Ctesibius,  a  native  of  Alexandria,  who 
lived  145  years  before  the  Christian  era.  But  at  what  time,  or  by 
whom,  the  clock  with  toothed  wheels,  crown-wheel  scapement,  and 
^  regulator  in  form  of  a  cross  suspended  by  a  cord,  with  two  weights 
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to  shift  on  it  when  regulating  the  clock,  was  invented,  can  how  oidy 
be  guessed  at,  as  no  positiye  information  on  this  subject  has  been 
handed  down  to  us.  It  was  this  kind  of  dock,  a  laj^e  turret  one,  which 
Charles  Y.  King  of  France,  sumamed  the  Wise,  caused  to  be  made  at 
Paris  by  Heoiy  Yick,  who  was  sent  for  from  Gennany  for  the  express 
purpose,  and  which  was  put  up  in  the  tower  of  his  palace  about  the  year 
1370.  Julien  Le  Roy,  who  had  seen  this  clock,  has  given  some  account 
of  it  in  his  edition  of  Sully's  Regie  artificielle  de  temps,  Paris,  1737.  See 
this  ancient  clock  by  Yick,  in  Plate  I.  No.  1.  a  description  of  which  shall 
be  given  afterwards. 

Before  a  clock  could  be  brought  even  to  the  state  of  the  one  made  by 
Yick,  there  must  have  been  many  alterations  and  progressive  improve- 
ments Upon  that  which  had  first  been  projected,  so  that  it  must  have  been 
invented  at  least  two  or  three  centuries  before  Yick's  time. 

As  the  same  word  for  a  sun-dial  among  the  Greeks  and  Romans,  wad 
also  that  for  a  clock,  disputes  have  arisen,  whether  the  horologia  pf  Pa-* 
cificus  and  of  Gerbert,  were  sun-dials  or  clocks.  Father  Alexander  as^ 
serts,  that  the  horologium  of  Grerbert  was  a  clock  1  while  EUunbei;ger 
supposes  it  to  have  been  a  sun-dial,  from,  the  Pole  star  having  been  em- 
ployed in  setting  it.  Pacificus  was  Archdeacon  of  Yerona  about  the  year 
850v  Geibert  was  Pope,  under  the  name  of  Silvester  II.  and  made  his 
clock  at  Magdeburg  about  the  year  996. 

Richard  of  Wallingford,  Abbot  of  St  Alban's  in  England,  who 
flourished  in  1326,  by  a  miracle  of  art  constructed  a  clock,  which  had  not 
its  equal  in  all  Europe,  according  to  the  testimony  of  Gesner.  Leland, 
too,  an  old  English  author,  infonns  us,  that  it  was  a  clock  which  showed 
the  course  of  the  sun,  moon«  and  stars,  and  the  rise  and  fall  of 
the  tides ;  that  it  continued  to  go  in  his  own  time,  which  was  about 
the  latter  end  of  Henry  the  Seventh's  reign;  and  that  according 
to  tradition,  this  famous  piece  of  mechanism  was  called  Mion  by  the 
inVentor. 

"  In  1382,"  says  Father  Alexander,  ^^  the  Duke  of  Burgundy 
ordered  to  be  taken  away  from  the  city  of  Courtray,  on  the  French 
anny  entering  it,  a  clock  which  struck  the  hours,  and  which  was  the 
best  at  that  time  known,  either  on  this  side  or  beyond  seas,  and  made  it 
to  be  brought  to  Dijon,  his  capital,  where  it  still  is  in  the  tower  of  Notre 
Dame.  These  are  the  three  most  ancient  clocks  that  I  find  aifler  that  of 
Gerbert." 

*^  We  know  no  person,"  continues  this  author,  ^^  more  ancient,  and 
to  whom  we  can  more  justly  attribute  the  invention  of  clocks  with 
toothed  wheels  than  to  Gerbert  He  was  bom  in  Auvergne,  and  was 
a  Monk  in  the  Abbey  of  St  Grerard  D'Orillac,  of  the  order  of  St 
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Bcnnet  His  abbot  sent  him  into  Spain,  where  he  learned  astrology 
and  the  mathematicsY  in  which  he  became  so  great  a  proiiGient,  that, 
in  on  age  when  these  sciences  were  little  knDwn,  he  passed  for  a  ma- 
gician, as  well  as  the  Abbot  Trithemius.  (It  may  have  hem  for  tiit 
crime  of  magic  impuied  to  Gerbert^  that  he  was  cfierwarda  hanuh^ 
ed  from  France.)  From  Spain  he  came  to  Rome,  and  being  a  man 
much  superior  to  the  times  in  which  he  lived,  he  was  there  appointed 
to  superintend  the  monastic  studies  in  the  Abbacy  of  Bobio,  situated 
among  the  Appenines  in  Liguria,  founded  by  St  Columbanus  in>  the 
year  612 ;  but  the  low  state  of  its  funds  compelled  him  to  return  to 
France.  The  reputation  of  his  learning  and  uncommon  genius  indtw- 
ed  Adalberon,  Archbishop  of  Rheims,  to  establish  him  in  970,  as 
rectof  of  the  schools  there,  and  at  die  same  time  to  make  him  his 
private  secretaiy. 

It  was  near  the  end  of  the  tenth  century,  about  the  year  996,  when 
he  made  at  Magdeburg  this  clock  so  wonderful  and  surprising,  as  to 
go  by  means  of  weights  and  toheels.  He  was  Archbishop  of  Rhdms 
in  992,  a  situation  wfai<ih  he  held  during  three  years,  (hen  Arcb- 
bishop  of  Ravenna  in  997,  and  at  last.  Sovereign  Pontiff,  under  tiie 
name  of  Silvester  H.  m  999 ;  he  died  at  the  beginning  of  the  liAh 
year  of  his  pontificate,  in  1003."  The  clock  constructed  by  Geibert 
seems  to  have  been  made  after  he  left  Rheims,  and  before  his  ap- 
pointment to  Ravenna;  and  it  is  highly  probable,  that  this  was  the 
period  when  clock-making  was  introduced  into  Germany. 

^  WaXuBjn  Marlot,  to  show  how  wonderful  tiiis  piece  of  woric  was, 
makes  use  of  an  expression  which  can  hardly  be  suffered  in  qur  lan- 
guage: Admdrabile  Kordoghim  fabricavit  per  inatrumenium  diaboKea 
arte  inventum.^ 

The  western  Christians  were  particularly  indebted  to  Grerbert  for 
having  transmitted  to  them  the  arithmetic  which  we  make  use  of  at 
the  present  day.  Abacwn  certe  primms  a  Saraeenia  rapienB  regda$ 
dedit  qwza  audantibuu  Abaciatis  vix  inteUiguntur,  says  the  historian, 
William  of  Malmesbuiy,  ad  annum  999.  Gerbert  had  also  a  greal 
taste  for  mechanics.  William  of  Malmesbuiy  says,  ibid,  **  that  in  fab 
time"  (that  is  to  say,  sometime  or  long  before  the  year  1142,  the  year 
in  which  he  died,)  ^  there  was  to  be  seen  m  the  church  at  llhetms, 
a  mechanical  clock  which  Grerbert  had  made,  and  hydraulic  organs, 
where,"  says  he,  *^  the  wind,  pushed  in  a  wonderful  manner  by  water, 
made  them  give  des  sons  moduUs  d  deafitUea  cTmratii." 

*^  Les  horloges  k  roues  sent  une  invention  du  moyen  age,  dont  on 
ignore  la  datte  etPauteur.    Dans  les  usages  do  Citeauxvers  1120,ii 
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e^t  parl6  d'horlogcs  a  rouea."  Journal  des  Saoans^  1782,  page  182* 
et  Juillet  1783.  See  HisUnre  des  MathemaUquea  par  J.  <S.  Jlfonlucia, 
tome  tr(n8iimef  p.  791. 

The  writers  of  the  1 1th  ceoitury  speak  in  such  a  maimer  of  clocks, 
that  it  appears  they  must  at  that  period  have  been  well  known.  But 
Dante,  the  Italian  poet,  who  was  bom  in  1265,  and  died  in  1321, 
seems  to  bethought  the  first  author  who  has  introduced  the  mention 
of  an  Orologia  that  struck  the  hours^  (and  which  consequently  could 
not  be  a  sun-dial,)  but  most  probably  it  was  an  alarm  part,  as  jwe  ap- 
prehend the  striking  part  had  not  been  so  early  applied ;  yet  it  is  saidf 
that  striking  clocks  could  not  have  been  veiy  uncommon  in  Italy  at 
the  end  of  the  13th  or  beginning  of  the  14th  centuiy,  for  there  ia 
some  trace  of  a  clock  having  been  put  up  near  Westminster  Hall, 
paid  for  out  of  a  fine  imposed  on  the  Chief  Justice  of  the  King's 
Bench,  in  the  16th  year  of  Edward  the  First,  or  in  1288.  We  find 
that  this  clock  was  considered  to  be  of  such  consequence  during  the 
reign  of  Henry  the  Sixth,  that  the  king  gave  the  keeping  of  it,  with 
the  appurtenances,  to  William  Warby,  Dean  of  St.  Stephen's,  toge- 
ther with  the  pay  of  sixpence  per  diem,  to  be  received  at  the  Exche* 
quer*  This  clock  is  said  to  have  remained  until  the  time  of  Queen 
Elizabeth.    See  8tow*s  Account  of  Westminster^  vol.  ii.  p.  66. 

The  clock  at  St  Mary's,  Oxford,  was  also  furnished  in  1623,  out 
of  fines  imposed  on  the  students  of  the  University. 

Derham,  in  his  Artificial  Clock  Maker,  has  given  the  caliper,  and 
the  numbers  of  the  wheels  and  pinions  in  a  stately  clock  which  was  in 
the  Palace  at  Hampton  Court,  made  in  King  Heniy  the  Eighth's 
time,  by  one  N.  0.  in  the  year  1640.  He  appeals  also  to  have  seen 
a  watch  belonging  to  the  same  king,  and  thought  it  was  probably 
made  by  the  same  N.  0,  We  are  of  opinion,  that  this  was  not  a 
pocket-watch,  but  a  large  spring  time-piece,  in  a  silver  or  other  metal 
case,  of  the  same  shape  as  the  watch-cases  of  the  present  day ;  for 
the  going  part  of  clocks,  whether  it  is  impelled  by  a  weight  or 
a  iq>ring,  is  still  designated  by  the  workmen  as  the  watch  part.  Pocket 
watches  afler  this  period  came  to  be  introduced. 

The  variety  at  that  time  surely  could  not  be  great  The  follow- 
ing works  may  be  consulted  :  Hemnfs  History  of  Great  Britain^  vol. 
viiL  8vo ;  History  of  the  Manual  Arts ;  Horological  Dialogues  by 
J.  jS.  printed  1676,  said  to  contain  a  list  of  the  clocks  then  in  use. 

Since  toothed  wheels  had  been  known  above  1300  years  before 
Gerbert  is  said  to  have  made  his  Horologium,  and  above  1100  after 
they  had  been  applied  to  ClepsydrsB,  and  as  they  were  also  sculptured 
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on  Trajan's  column  at  Rome,  where  they  are  atiU  to  be  seen,  there 
seems  to  be  nothing  inexplicable  in  Crerbert's  having  fallen  on  the 
way  of  applying  wheels  to  make  a  clock  different  from  the  Clepsydrae, 
which  had  been  long  in  use.  Besides,  Father  Alexander  seems  to  have 
investigated  the  History  of  Horology  more  profoundly  and  indeiati- 
gably  than  Hamberger ;  and  Gerbert  may  have  made  use  of  his  ob- 
servations on  the  Pole  star  for  other  puiposes  than  merely  to  set  a  sun- 
dial by  them,  and  im>bably  for  the  purpose  of  drawing  a  meridian  line 
in  iMrder  to  regulate  his  clock.  If  it  was  a  sun-dial,  as  some  suppose, 
why  does  Marlot,  who  wrote  at  Rheims,  1679,  consider  it  such  a  won- 
der, since  it  appears  from  the  History  of  Dialling,  that  they  were  weU 
known,  and  in  common  use  1600  years  before  Creibert's  time  1  (See 
the  JbrticU  DiaUmg^  in  the  Edinbyrgh  EncycUipadkL)  The  anti- 
quity of  dials  also  appears  by  what  we  learn  from  Dr.  Adam's  Roman 
Antiquities,  that  **  Anaximander  of  Miletus,  (bom  B.  C.  .  610.)  is 
said  to  have  invented  sun-dials  at  Lacedsemon  in  the  time  of  Cyrus 
the  Great 

The  first  sun-dial  is  said  to  have  been  set  up  at  Rome  by  L. 
Papirius  Cursor,  A.  U.  447,  (B.  C.  301.)  and  the  next  near  the 
Roetroj  by  M.  Valerius  Mesela,  the  Consul,  who  brought  it  from 
Cotana  in  Sicily,  in  the  first  Punic  war,  A.  U.  481.*  Scipio  Nasica 
first  measured  time  at  Rome  by  water,  or  Clepsydree,  which  served  by 
night  as  weU  as  by  day,  A.  U.  595.  The  use  of  clocks  and  watches 
were  then  unknown  to  the  Romans ;  being  so  much  taken  up  with 
military  acquirements,  they  had  neither  time  nor  leisure  to  cultivate 
the  arts  of  peace. 

Hamberger,  however,  admits,  that  the  clock  was  invented  in  the 
1 1th  century,  and  he  thinks  it  probable  that  we  are  indebted  to  the 
Saracens  for  it.  Now  Gerbert's  clock  was  made  near  the  commence- 
ment of  the  same  century :  the  College  in  Spain  where  he  had  been 
instructed,  had  Arabians  or  Saracens  among  its  professors,  and  was  at 
that  time  the  only  place  in  Europe  where  any  learning  or  science  was 
to  be  found. 

The  argument  against  Gerbert's  Horologium,  being  a  clock  in  our 
acceptation  of  the  word,  is,  that  he  made  use  of  his  observations  with 
the  Pole  star,  as  if  to  obtain  a  meridian  line,  or  to  set  a  sun-dial  by; 
and  yet  we  have  no  positive  information  that  it  was  either  of  them. 
Beithoud  admits,  that  such  a  clock  as  Tick's  could  not  have  been  a 
new  invention;  and  he  thinks,  '^that  the  different  parts  which  com- 

*  The  UomaiiB  at  this  time  were  not  aware  tiiat  a  dial  fit  for  Sicily  wob  not  cal- 
culated for  Rome 
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pose  the  balance  clock,  have  only  been  made  afler  a  long  train  of  re- 
search and  time,  and  that  clocks  were  not  known  in  France  till  the 
middle  of  the  fourteenth  centuiy." 

The  art  of  horology  might  be  going  slowly  on  in  Grermany,  though 
tibie  balance  clock  was  unknown  in  France  till  1370,  previous  to  which 
Yick  had  been  sent  for  by  Charles  Y.  of  France.  Had  this  not  taken 
place,  it  might  perhaps  have  remained  still  longer  unknown.  It  must  be 
allowed,  that  there  is  something  inconsistent  in  Father  Alexander's  ar- 
gument for  giving  the  clock  to  Gerbert,  and  refusing  it  to  Pacificus, 
**  because  it  was  not  known  in  France  till  250  years  afler.  The  discov- 
ery was  of  too  great  utility  not  to  be  spread  abroad,  particularly  in  mon- 
asteries, where  it  was  so  much  required  to  regulate  the  religious  duties 
of  the  night  In  the  famous  monastery  of  Cluny,  however,  the  Sacris- 
tan, in  1108,  went  out  to  observe  the  stars,  to  know  the  time  when  to 
awaken  the  monks  to  prayer."  In  the  early  stages  of  the  art,  very  few 
clocks  could  have  been  made,  and  those  which  were  constructed  must 
have  been  very  imperfect. 

**  As  all  arts  are  at  first  imperfect,"  says  Hamberger,  "  it  is  ob- 
served of  these  clocks,  that  they  sometimes  deceived ;  and  hence  in  the 
Ordo  Chmiacensis  Bemardi  Mofuuterii^  the  person  who  regulated 
the  clock  is  ordered,  in  case  it  should  go  wrong,  ^'  ut  notet  in  coelo, 
et  in  cursu  Stellarum  vel  etiam  Lunse,  ut  fratres  surgere  &ciat  ad 
horam  competentem:  The  same  admonition  is  given  in  the  Consli' 
iutiones  Hirsaugienses.^^  From  what  is  said  here,  it  may  be  infer- 
red that  those  who  had  clocks  in  the  earliest  periods,  could  not  place 
much  dependance  on  their  keeping  time;  and  with  great  probability 
we  may  suppose,  that  many  a  palace,  castle,  and  monastery,  might 
long  continue  unprovided  with  such  a  machine.  It  was  near  the 
end  of  the  fifteenth  century  before  they  came  to  be  in  use  in  pri* 
vate  families. 

The  art  of  clock-making  seems  to  have  been  introduced  into  Eu- 
rope by  some  one  or  other  of  the  Romish  clergy.  They  were,  in 
general,  especially  the  higher  orders,  possessed  of  wealth,  and  had 
leisure  to  cultivate  such  of  the  arts  and  sciences  as  were  then  to  be 
attained ;  and  if  the  art  of  horology  did  not  originate  with  them, 
they  certainly  were  among  the  first  who  did  every  thing  in  their  power 
to  promote  and  encourage  it  Time-measuring  being  so  desirable  for 
the  regulation  of  the  stated  services  required  by  the  Church,  which 
took  place  at  all  hours  of  the  day  and^  night,  their  attention  was  na- 
turally called  to  a  subject  in  which  they  were  so  much  interested. 
Those  who  wish  for  farther  information  on  the  origin  of  clocks,  are 
referred  to  The   Artijicial    Clochmaktr^  by    Wm.  Derham,    D.  D. 
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liondon,  lS9d^Tra$U  giniral  da  Harhges^  par  U  R.  Ps  Dam. 
Jacque  ^exandrej  ReHgieux  Betudktin  de  la  Congregation  de  Saint 
MauTj  k  Paris,  1734 — A  Dissertation  by  Hambeigorin  Beckmann'a 
Higlory  of  inveiUioiu,  ycL  iiL  Load.  1797 — Hisioire  de  la  Me- 
mure  ckc  Temps  par  Us  Horloges^  par  Ferdinand  Berihoudj  Mechanic 
den  de  la  Marinei  &c.  &c.  k  Paris,  1802.  This  last  is  a  very  inte- 
resting work  for  an  amateur  in  horology,  and  was  the  result  of  seven 
years'  labour,  .when  the  author  was  at  a  very  advanced  period  of 
life.  To  these  may  be  added,  HteUnre  de  PAHronome  Modeme^ 
touL  L  page  60,  edition  de  1785;  and  Histoire  de  PAeirononUe  An- 
cienne  Eelaircissmena^  liv.  iv.  §  34.  liv.  ix.  §  6 — Vitrwcitu^a  Archir 
lecture. 

Pollius  Yitruvius  lived  40  years  before  Christ,  and  was  architect  to 
Augustus.  In  a  triumph  of  Pompey,  among  the  spoils  brought  from 
the  east,  was  a  water-clock,  the  case  of  which  was  strung  round 
with  pearis,  PUny^  lib.  xxxvii.  cap.  i.  Mimaires  de  PAcademie  de$  /n- 
9cription$^  torn.  xx.  p.  448. 


It  would  be  a  waste  of  time  ft>  describe  the  nature  of  wheels  and  pi* 
nioDs,  as  this  kind  of  machinery  is  now  so  generally  known.     It  may  be 
sufficient  to  remark,  that  a  clock  or  watch  movement  is  an  assemblage 
of  wheels  and  pinions,  contained  in  a  frame  of  two  brass  plates,  con- 
nected by  means  of  {Hilars ;  the  first,  or  great  wheel,  in  an  eight  day 
movement,  has,  ccMicentiic  with  it,  a  cylindrical  barrel,  having  a  spi- 
ral groove  cut  on  it     To  this  cylinder  is  attached  one  end  of  a  cord, 
which  is  wrapped  round  in  the  groove,  for  any  deteimined  number  of 
turns,  and  to  the  other  end  of  the  cord  is  hung  a  weight,  which  coi^ 
stitutes  a  power  or  force  to  set  the  whole  in  motion.     Their  time  of 
continuing  in  motion  will   depend  on   the  height   through  which  the 
weight  has  to  descend,  on  the  number  of  teeth  in  the  first  or  great 
wheel,  and  on  the   number   of  teeth   or  leaves   of  the  pinion  upon 
which  this  wheel  acts,  &c. 

The  wheels  in  spring  clocks  and  in  watches  are  urged  on  by  the 
force  of  a  spiral  spring,  contained  in  a  hollow  cylindrical  barrel  or  box, 
to  which  one  end  of  a  chain  or  cord  is  fixed,  and,  liq>ping  it  round  the 
barrel  for  several  turns  outside,  the  other  end  is  fixed  to  the  bottom  of 
a  solid,  shaped  like  the  firustrum  of  a  cone,  knolm  by  the  name  of  the 
ffUitt  having  a  spiral  groove  cut  on  it  On  the  bottbm  of  this  cone, 
or  fusee,  the  first  or  great  wheel  is  put  The  arbor  on  which  the  spring 
barrel  toms,  is  so  fixed  in  the  frame  that  it  cannot  turn  when  the  fu- 
see  is  winding  up ;  the  inner  end  of  the  spring  hooks  on  by  an  eye  to 
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the  barrel  arbor,  and  the  outer  end  hooks  by   the  same  way  to  the 
inside  of  the  barrel.     Now,  if  the  fusee  is  turned  round  in  the  proper 
direction,  it  will  take  on  the  cord  or  chain,  and  consequently  take  it 
off  from  the  barrel.     This  bends   up   the  spring,  and,  if  the  fusee 
and  great  wheel  are  lefl  to  themselves,  the  force  exerted  by  the  spring 
in  the  barrel  to  unbend  itself,  will  make  the  barrel  turn  in  a  contraiy 
direction  to  that  by  which  it  was  bent  up.    This  force  of  the  spring 
unbending  itself,  being   communicated    to  the  wheels,    will  set  them 
in  motion,   and  they   will  move   with   considerable  velocity.    Their 
time  of  continuing  in  motion  will  depend  on  the  number  of  turns  in 
the  spiral  groove  on  the  fusee,  the  number  of  teeth  in  the  first  or 
great  wheel,  and  on  the  number  of  leaves  in  the  pinion  upon  which 
the  great  wheel  acts,  &c.    The  wheels  in  any  sort  of  movement, 
when  at  liberty  or  free  to  turn,  and  when  impelled  by  a  force*  whether  it 
is  that  of  a  weight  or  spring,  would  soon  allow  this  force  to  termi- 
nate ;  for  as  the  action  of  the  force  is  constant  from    its  first   com^ 
mencement,  the  wheels  would  be  greatly  accelerated  in  their  course, 
and  it  would  be  an  improper  machine  to  register  time  or  its  parts; 
the  necessity  of  checking  this  acceleration,   and   making  the   wheels 
move  with  an  uniform  motion,  gave  fise  to  the  invention  of  the  es- 
capement, or  'scapement,  asit  isconmi<Hily  called*    To  effect  this,  an 
alternate  motion  was  necessary,  which  required  no  small  effort  of  hu- 
man ingenuity  to  produce. 

To  a  professional  artist,  a  description  of  all  the  parts  of  Yick's 
ck>ck  is  quite  unnecessary,  as  a  mere  view  of  it  in  the  plate  would  to 
him  be  sufficient ;  but,  as  it  is  handed  down  to  us  as  one  of  the  most 
ancient  balance  clocks,  and  having  been  seen  ahnost  in  our  own  time, 
or  very  near  to  it,  a  description  of  the  going  part  may  be  given. 

A  is  a  weight  suspended  by  a  conf,  which  is  wrapped  round  a  cy- 
linder or  barrel  B,  keyed  spring  tighten  an  axis  or  arbor  a  a,  whose 
smaller  parts  b  6,  called  the  pwots^  enter  into  holes  made  in  the  plates 
CG,  DD,  in  which  diey  turn:  These  plates  in  the  ancient  clocks 
were  made  of  iron,  and  put  together  by  the  kneed  parts  EE,  which  are 
formed  from  the  ends  of  the  plate  CO ;  a  screwed  part  at  the  extre* 
roity  of  the  knees  connects  this  plate  by  nuts  to  the  plate  DD ;  this 
assemblage  of  the  plates  and  kneed  parts  is  called  the  frame. 

The  action  of  the  weight  A,  necessarily  tends  to  turn  the  cylinder 
6 ;  so  that,  if  it  was  not  restrained,  its  descent  would  be  by  an  ac- 
celerated motion,  like  to  that  of  a  body  which  falls  freely ;  but  the 
cylinder  has  at  one  end  a  ratchet  toothed  wheel  F,  the  face  of  the 
ratchet  teeth  strike  or  butt  on  the  end  of  the  click  c,  the  click  is 
pressed  by  a  spring  cf,  which  forces  it  to  enter  into  the  ratchet,  when 
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il  his  been  set  aside  from  them.  It  is  this  mechanism  which  is  called 
the  cUek  and  nUehet  work^  and  by  rneam  of  which,  the  wei^n, 
when  wound  up,  is  prevented  from  turning  back.  It  may  then  be 
conceived  that  the  action  of  the  weight  is  transmitted  to  the  toodied 
wheel  66 ;  the  teeth  of  this  wheel  enter  within  the  spaces  of  the 
leetht  or  trundles,  which  are  formed  on  the  small  wheel,  or  lantern 
pinion  e,  and  so  that  they  oblige  or  force  it  to  turn  on  its  pivots  // 
This  communication  of  the  teeth  of  one  wheel  with  those  of  another, 
<Hr  with  a  pinion  of  any  kind»  is,  in  technical  language,  called  ]n(cA- 

The  wheel  HH  is  fixed  on  the  aibor  of  the  lantern  pinion  e ;  thus 
the  motion  communicated  by  the  weight  of  the  wheel  66  is  transmit- 
ted to  the  pinion  e,  and  consequently  to  the  wheel  HII,  (and  causes 
it  to  torn  on  its  pivots  ff) ;  this  pitches  into*  the  lantern  pinion  g, 
whose  asds  carries  the  crown  wheel  II,  which  is  named  the  scape- 
ment  wheel*  or  wked  of  rmeounter ;  at  last,  &e  motion  impressed  by 
the  wei^  A,  transmitted  from  the  crown  wheel  II  to  the  levers  or 
pallets  h  f,  which  are  formed  on  the  vertical  axis  KK,  moveable  on 
its  two  pivots  K  i ;  it  is  on  this  axis  that  the  regulator,  or  balance  LL  is 
fixed ;  this  balance  is  suspended  by  a  cord  M,  and  can  describe  round 
its  pivots,  arcs  of  a  circle  going  and  returning  alternately  on  itself,  making 

The  alternate  moticm  or  vibration  of  the  balance  is  produced  by 
the  action  of  the  wheel  II,  on  the  pallets  which  project  fix>m  the  axis 
of  the  balance,  the  angle  formed  between  them  is  about  90  degrees ; 
BO  that  when  a  tooth  of  the  wheel  has  drawn  aside  the  pallet  A,  and 
escapes  or  gets  past  it,  the  other  pallet  t  presents  itself  to  a  tooth  of 
the  ^eel  nearly  diametrically  opposite,  which  m  its  turn  is  drawn 
aside ;  so  that  the  wheel  tumbig  always  the  same  way,  the  balance 
goes  and  comes  on  itself,  forming  vibrations  which  moderate  and  regulate 
the  velocity  of  the  wheel  U*  and  consequently  the  mdieels  H,  and  6« 
whose  revolutions  serve  to  measure  time.  The  balance  here,  in  place 
of  being  like  the  fly  of  a  kitchen  jack,  as  they  sometimes  were,  is  formed 
of  two  thin  arms  projecting  from  the  verge  or  axis  of  the  balance,  makr 
ingasortof  cross  ;  on  these  arms  several  concentric  notches  are  made ; 
a  small  wei^  m  is  appended  to  each  arm ;  by  carrying  the  wei^ts 
mm,  more  or  less  from  the  centre,  will  make  the  dock  go  slow  or  fast 

The  reciprocal  action  of  the  wheel  II,  on  the  pallets  h  t,  carried  by 
the  axis  of  the  balance,  and  of  the  pallets  themselves  on  the  wheel  to 
regulate  the  motion  of  it,  is  what  is  called  the  Scapmeni  or  Scaping,  . 
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The  wheel  6G,  makes  a  revolution  in  an  hour,  the  pivot  6  6  of 
this  wheel  is  prolonged  beyond  the  outside  of  the  plate  CC ;  it  car- 
ries a  pinion,  u,  which  pitches  in,  or  leads  the  wheel  NN,  and  causes 
it  to  make  a  turn  in  12  hours ;  ike  axis  of  this  wheel  carries  the  in* 
dex  or  hand,  O,  which  points  out  the  hours  on  the  dial.    It  must 
be  explained  what  determines  the  wheel  G6  to   make  one  revolu- 
tion precisely  in  an  hour ;  for  this  purpose  it  must  be  knowi^   that 
the   vibrations  of  the  r^ulator  or  balance    are  so  much  the  slower 
the  heavier  it  is,  or  is  of  a  great  diameter.    Suppose  thai  the  balance 
LL  can  make   vibrations   whose  time  is  exactly  that  of  one  secondy 
and  this  is  come  at  by  bringing  nearer  or  farther  from  the  centre  the 
weights  m  nt,  as  has  been  already  noticed ;  that  being  understood,  it 
may   be  shown  how,  by  means  of  the  number  of  the  teeth  of  the 
wheels  and  pinions,  we  determine  the  wheel  G6  to  make  aTevolu- 
tion  exactly  in  an  hour.     In  giving  30  teeth  to  the  crown  wheel  II, 
then,   during   the  time  it  takes  to  make    one  turn,   the  balance   will 
make  60  vibrations,  for  at  each  turn  of  the  wheel  the  same  tooth  acts 
once  on  the  pallet  A,  and  once  on  that  of  t,  which  produces  two  vibra- 
tions for  each  tooth,  so  thus  the  wheel  having  30  teeth,  it  must  cause 
twice  30  vibrations  to  be  made ;  it  then  makes  its  revolution  in  a  mi- 
nute of  time ;  it  is  also  necessary  that  this  wheel  makes  60  turns  du- 
ring the  time  that  the  wheel  GG  makes  erne.     Now  to  det^mine  the 
number  of  the  teeth  in  the  wheels  GG  and  HH  and  their  pinions, 
it  is  proper  to  observe,  that  awheel  gives  as  many  more  turns  to  its 
pinion,  whilst  it  makes  one,  as  the  number  of  the  teeth  of  die  pinion 
is  contained  a  greater   number  of  times  in  that  of  die  teedi  of  the 
wheel;  for,  supposing  the  wheel  GG  has  64  teeth,  and  the  lantern 
pinion  e  8,    this  pinion   will   make  8  turns   during  the  time  that   the 
wheel  will  make  one:  which  is  evident,  for  each  tooth  of  the  wheel 
moves  forward  one  tooth  of  the  pinion ;  so  thus,  when  the  pinion  has 
advanced  forward  8  teeth,  which  makes  its  revolution,  the  wheel  GG 
has  only  advanced  8  teeth :  now,  for  the  wheel  to  complete  its  revo- 
lution, it  must  yet  advance  56  teeth  more,  which  wiD  make  7  times  8 
of  the  pinion ;  that  is  to  say,  it  shall  cause  it  to  make  7  turns,  whidi, 
joined  to  the  one  which  it  has  made,  gives  8  revolutions  of  the  pinion 
for  one  of  the  wheel.    By  the  like  means,  the  wheel  HH  having  60 
teeth,  aiid  the  pinion  g  8,  it  will  cause  the  pinion^  to  make  7^  turns ; 
but  the   wheel  HH   carries  the   pinion  e,    making  8  turns  for   one  of 
the  wheel  GG ;  the  pinion  g  makes  then  8  times  7^  turns,  that  is  to 
•say,  60  during  the   time  that  the  wheel   GG  makes   one  turn:  and 
having  seen  that  the  wheel  II,   carried  by  the  pinion  g,  makes  a  re- 
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voiulioii  in  a  minute,  the  wheel  66  makes  then  a  turn  in  an  hour. 
By  the  same  reasoDing,  we  see  that  the  pinion  «,  carried  by  the  axis  of 
the  wheel  66,  must  make  12  turns  during  the  time  that  the  wheel 
NN  makes  one.  This  wheel  ou^  to  have  12  times  more  teeth  than 
the  pinion ;  and  if  it  has  S  teeth,  the  wheel  NN  must  have  96.  From 
the  side  of  the  wheel  NN,  twelve  pins  project,  which  serve  to  dischaige 
the  striking  port. 

When  the  cord  which  suspends  the  weight  A  is  wholly  run  off 
from  the  cylinder,  a  handled  key  is  used,  whose  canon  has  a  square 
hole  in  it  so  as  to  enter  upon  the  square  P,  on  the  arbor  of  the  km- 
tem  pinimi  n,  fidiich  pitches  in  with  the  wheel  R,  fixed  on  the  end  of 
the  barrel  B ;  and  in  turning  this  key  the  weight  is  again  wound  up. 
The  wheel  R,  and  that  of  F,  can  turn  separately  from  that  of  66, 
which  keeps  its  pfaice.  This  retrograde  motion  of  the  cylinder  or 
barrel  is  obtained  by  means  of  the  click  and  ratchet  work  F,  c,  d. 
The  teeth  of  the  ratchet  are  inclined  on  one  side,  which  raise  up 
the  click  c,  so  that  during  the  time  of  winding  up  the  weight,  the 
ratchet  F  turns  separately  (rom  the  wheel  66 ;  but,  upon  ceasing 
to  wind  up  the  weight,  it  acts  upon  the  cylinder  and  ratchet,  the 
fiices  of  whose  teeth  butt  or  come  anew  against  the  end  of  the  click  c, 
which  forces  the  wheel  €r6  to  turn  with  the  cylinder;  the  spring d 
serves,  as  has  been  already  mentioned,  to  bring  the  click  back  into 
the  space  of  the  ratchet  teeth.  Of  the  striking  part  of  Henry  Tick's 
clock  we  have  only  to  remark,  that  it  must  have  raised  a  very  massy 
hammer,  considering  the  en<Hrmous  weight  iqiplied  to  it,  being  above  500 
pounds  to  each  part 

It  was  thought  nowise  necessary  to  give  either  a  representation  or 
description  of  the  stiildiig  part ;  suffice  it  to  say,  that,  like  the  dd 
clocks,  it  locked  against  an  interrupted  hoop,  fixed  on  what  was  call- 
ed the  hoop  wheel ;  and  eleven  notches  on  the  circumference  or  edge 
of  a  plate  ^eel,  commonly  called  the  count  wheel,  determined  the 
hours  or  number  of  blows  which  the  hammer  should  give. 

Either  Julien  Le  Roy,  or  Berthoud,  must  have  made  a  mistake, 
in  making  the  crown  wheel  in  Vick's  clock  to  have  30  teeth,  unless  it 
may  have  been  merely  for  the  purpose  of  showing  in  a  clearer  point 
dof  view,  that  the  time  of  a  revolution  should  be  equal  to  one  minute. 
It  is  well  known,  that  the  crown  wheel  'scapement  caimot  admit  the 
wheel  to  have  an  even  number,  no  other  than  an  odd  number  will 
'scape  with  the  pallets  on  the  verge.  Had  the  number  been  29,  and 
the  thne  of  one  vibration  about  equal,  or  nearly  so,  to  one  second, 
then  one  revolution  of  the  crown  wheeU  or  68  vibrations,  would  have 
been  neariy  one  minute,  or  somewhat  thereabouts. 
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Before  giving  an  account  of  the  first  'scapement,  and  the  improvements 
on  it,  which  subsequently  followed,  it  may  be  more  in  order,  first  to  enter 
into  the  calculation  of  the  numbers  for  wheels  and  pinions,  their  propor- 
tional sizes,  trains,  length  of  pendulum,  &c.  &c. 


CHAPTER  II. 

To  find  the  dumber  of  Vibratioju  in  a  MitnUcj  or  in  an  Hour, 
having  the  numbers  of  the  whed  teeth  and  of  the  pinion  leaioes ; 
and  also  to  find  the  numbers  for  the  wheel  teeth^  haoing  assumed 
numbers  for  the  pinions^  for  the  swing  or  balance  wheels  and  the 
number  of  Vibrations  required  in  an  Hour^  ^c.  ^c. 

The  beats  given  by  the  alternate  motion  of  the  'soapement,  are  a 
determined  number  in  a  minute,  or  in  an  hour,  called  Ihe  train, 
which  depend  on  the  number  of  wheels  in  the  movement,  their  num- 
ber of  teeth,  on  the  number  of  the  pinions,  and  the  number  of  their 
teeth  or  leaves :  the  beats  in  an  hour  of  a  common  seconds  clock  are 
3600,'  and  17280  are  the  numb^  of  beats  given  by  a  common 
watch. 

In  a  combination  of  two  or  more  wheels  and  their  pinions,  the  ratio 
of  the  pinions  to  their  wheels  being  given,  the  number  of  revolutions 
of  the  last  wheel,  for  one  of  the  first,  can  be  deduced.  The  first 
wheel  being  supposed  to  make  a  revolution  in  an  hour,  during  which 
time  let  it  drive  a  pinion  eight  times  round,  concentric  with  the 
pinion  is  a  wheel  which  drives  another  pinion  seven  and  a  half  times 
round  ;  on  the  arbor  of  this  pinion  is  a  wheel  that  may  at  pleasure,  or 
rather  must  be  cut  into  such  a  number  of  teeth  as  to  make  up  the 
required  number  of  vibrations.     The  wheels  and  their  pinions  may  be 

represented  thus :     .  ?     1  =  60,  which  is  the  number  of  re. 

*^  puuons  1x1  , 

volutions  that  the  last  [Mnion  must  make  for  one  of  the  first  wheeL 
If  the  pinions  have  eight  leaves  each,  then  it  follows  that  one  of  the 
wheels  must  have  eight  times  this  number  of  teeth,  which  will  be 
64,  and  the  other  seven  and  a  half  times,  equal  to  60.  The  revolu- 
tions will  be  the  same  to  the  last  wheel  or  its  pinion,  in  whatever 
order  the  two  wheels  are  taken. 
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A  fractioii  does  not  lose  its  value  whether  it  is  divided  or  multi- 
plied  by  a  like  number.      The  wheds  being  64  and  60,  their  pi- 

nions  8,  they  may    stand    thus  :  ■  =  60 ;  if  we  were  to  double 

the  numbers  of  the  pinion  leaves,  diey  would  become  16,  the  wbeeb 
would  then  be  138  and  120.  By  taking  a  ibuith  pert  from  them,  they 
become  pinions  of  6 ;  in  this  case  the  wheels  would  be  48  and  45,  as 
6x8=48,  and  6x7i=:45.  The  revolutions  of  the  last  pini<m  may  be 
found  without  the  use  of  fractions.  Let  the  product  of  the  vriieel  teeth, 
when  multiplied  into  one  another,  be  divided  by  the  product  of  the 
pinions,  the  quotient  will  be  the  number  of  revolutimis  of  the  last 
pinion,  which  here  will  be  evid^t,  for  64x60=3040^64=60.  What- 
ever number  of  teeth  is  cut  in  the  last  or  swing  wheel,  it  win  give 
double  the  number  of  vibrations  for  every  revolution;  then,  if  the 
number  of  teeth  is  30,  the  vibrations  will  be  60 ;  and,  as  it  makes  60 
revolutions  in  an  hour,  it  must  make  3600  vibrations  in  an  hour,  for 
60x60=r3600.  If  the  pinions  here,  in  place  of  being  driven,  were 
made  the  drivers,  or,  more  properly,  the  leaders,  as  in  orreries,  or  plane- 
tariums,  and  what  was  the  last  pinion  before,  to  be  placed  as  the  first 
leader,  making  its  revolution  in  an  hour,  then  the  first  wheel  before,  being 
now  last  in  the  order,  would  take  3660  hours,  or  150  days,  to  make  one 
revolution. 

The  number  of  vibrations  in  an  hour  being  given,  likewise  the  numbers 
of  the  wheel  teeth,  and  of  the  pinion  leaves,  to  know  what  must  be  the 
number  to  cut  for  the  swing  wheel  teeth.  The  .product  of  the  numbers 
of  the  wheel  teeth  multiplied  into  one  another,  divided  by  the  product  of 
the  {wiions,  the  quotient  will  give  the  number  of  the  revolutions  which 
the  swing  wheel  must  make  in  an  hour ;  the  given  number  of  vilNuti<tts 
in  an  hour  being  divided  by  diis  quotient,  will  give  double  the  number  of 
the  swing  wheel  teeth. 

Examples, — ^Given  7200  as  the  number  of  vibrations  required  in  an 
hour,  the  wheels  having  80  teeth  each,  and  the  pinions  8  leaves  each ; 
required  the  number  of  teeth  to  be  cut  in  the  swing  wheel,  so  as  to  give 
this  number  of  vibrations  in  an  hour? 

Here  80x80»6400-^64»100  and  7200-M00»72,  the  half  of 
this  is  36,  being  the  number  for  the  swing  wheel  teeth.  Let  the 
required  number  of  vibrations  be  7560,  the  wheels  90  and  84,  and 
the  pinions  8  each ;  what  must  be  die  number*  of  teeth  in  die  swiog 
wheen_90x84»7560-^64Bsll8.125,  and  7560-r*118.125»«64;  the 
number  of  teeth  in  the  swing  wheel  must  then  be  32.  The  num- 
ber of  vibrations  being  6720,  the  wheels  84  and  80,  the  pinions  8 
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each,  what  number  is  required  for  the  swing  wheel  teeth? — 
84x80b6720-^64»105.  and  6720-^-105=^64,  the  swing  wheel  teeth 
are  then  32.  It  might  happen  that  the  number  of  vibrations  required, 
and  the  numbers  of  the  wheel  teeth,  and  of  the  pinion  leaves,  may  be 
so  incommensurate,  that  the  quotient  obtained,  besides  being  a  whole 
number,  may  have  some  decimal  parts  annexed  to  it,  which  would  in  this 
case  be  improper,  and  could  not  be  used. 

In  order  to  ascertain  what  the  numbers  for  the  wheel  teeth  of  a 
clock  or  watch  movement  should  be,  three  things  are  requisite  to  be 
known  or  fixed  upon ;  First,  the  number  of  beats  to  be  given  in  a 
minute  or  in  an  hour ;  Second,  the  number  of  the  pinions  and  of  their 
leaves ;  and,  Third,  the  number  of  teeth  it  is  intended  for  the  swing  or 
balance  wheel  to  have. 

Ride, — ^The  number  of  vibmtions  or  beats  in  an  hour,  being  mul- 
tiplied by  the  number  of  leaves  in  each  pinion,  or,  what  is  the  same 
thing,  each  pinion  being  multiplied  into  one  another,  and  with  the 
product  multiply  the  number  of  vibrations  in  an  hour,  this  last  pro- 
duct being  divided  by  double  the  number  intended  for  the  swing,  or 
balance  wheel,  will  give  for  the  quotient  such  a  number,  that  when 
divided  by  prime  numbers,  first  by  two,  as  often  as  it  will  divide  by 
two,  without  leaving  a  remainder;  then  by  three,  as  often  as  it  wiU 
divide  by  it;  by  five,  as  often  as  it  will;  and  by  7,  11,  13,  &c.  until 
no  remainder  is  left ;  and  afterwards  arranging  the  divisors,  they  may 
be  made  out  so,  as  to  have  sets  of  them,  which  when  muhipUed  into 
one  another,  will  give  the  proper  numbers  for  the  wheel  teeth  required. 
A  few  examples  will  make  the  matter  so  plain  and  easy,  that  few  can  fail 
to  comprehend  them ;  and  the  numbers  in  a  common  clock  movement 
being  known  to  almost  every  clock  maker,  an  example  of  it  shall  be  taken 
for  the  first,  in  order  that  the  beauty  and  facility  of  the  rule  may  the  more 
readily  be  seen. 

The  vibrations  or  beats  of  a  common  seconds  pendulum  clock  are  60 
in  a  minute,  or  3600  in  an  hour ;  the  pinions  are  commonly  two  of  8 
leaves  each,  and  the  swing  wheel  having  30  teeth :  Bequired  the  num- 
ber of  teeth  that  must  be  put  into  the  second  and  third  wheels  ? 

The  two  pinions  of  8,  multiplied  together,  make  64,  and  3600  being 
multiplied  by  64,  gives  for  the  product  230400,  which,  divided  by  60,  the 
double  of  the  number  of  teeth  in  the  swing  wheel,  we  obtain  a  quotient  of 
3840 ;  and  this  last  being  divided  by  2,  3,  and  6,  will,  by  the  divisors, 
when  taken  in  separate  sets  and  multiplied  into  one  another,  give  two 
numbers,  which  will  be  those  of  the  teeth  for  the  second  and  third 
wheels. 
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3600x8xS-i-G0=:  3840 

*        1920 

960 

480 

240 

120 

60 

30 

15 

5 

1 


2  Here  the  divison  are  eight  2<, 

2  one  3,  and  a  5,  which,  when  anan- 

2  ged  into  proper  sets,  will  give  the 

2  numbers  for  the  teeth  of  each  wheeL 

2  2x2-b4x2«8x2»16x2»32x2»64 

2  2x2»4x3«=12x6ad0 
2 

2  The  number  64  is  given  for  the 

3  teeth  of  the  second  wheel,  and  60  for 
5  those  on  the  third  wheel ;  or  the  num- 
bers for  the  wheels  may  be  vice  vena. 


The  vibrations  being  1800  in  an  hour,  two  pinions  of  10  leaves 
each,  and  the  swing  wheel  30  teeth :  Required  the  numbers  for  the 
teeth  of  the  second  and  third  wheels? 


1800xl0xl0-r60s 


3000 

2 

1500 

2 

750 

2 

375 

3 

125 

5 

25 

6 

5 

5 

1 

This  gives  for  the  divisors  three 
2",  one  3,  and  three  50,  and,  when 
arranged  into  two  sets,  give  the 
numbers  60  and  50  for  £e  teeth 
of  the  second  and  third  wheels. 
2x2s4x3»12x5»60 
2x5»10x5a50 


Having  two  pinions  of  12  each,  and  the  swing  wheel  with  32  teeth : 
Requined  th6  numbers  for  the  teeth  of  the  two  wheels,  so  as  to  give 
100  vibrations  in  a  minute  1 


100X60X  12x  12=s8e4000 -^64sl3M0 

6750 

3375 

1135 

375 

185 

85 

5 

1 


8 
8 
3 
3 
3 
5 
5 
5 


Here  are  two  28,  three  3s,  and 
tbree  5fl,  which,  made  into  pro- 
per seta,  will  ffive  the  numbers  for 
the  teeth  of  ue  wheels. 


SX  5s25X  5=185 
8X  2=»4X  3=12X  3=36X  3«:108 


By  this  is  shown,  that  a  second  wheel  of  125  teeth,  and  a  third  wheel  of 
108,  the  swing  wheel  32,  and  two  pinions  of  12  each,  will  give  100  vi- 
brations in  a  minute. 


Two  pinions  of  10  each,  and  the  swing  wheel  30 :  Required  the  num-' 
bers  for  the  teeth  of  the  two  wheels,  so  as  to  give  100  vibrations  in  a 
minute? 
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100x60Xl0xl0-i-60=s 


10000 

2 

5000 

2 

2600 

2 

1260 

2 

626 

6 

126 

6 

25 

5 

5 

6 

1 

The  divisors  of  this  being 
four  2b,  and  four  58,  when  put 
into  sets,  will  give  100  for  the 
teeth  of  each  wheel. 


2x2:=s4x5«20x5>=100 
2X2=4X5»20X6=S100. 


Two  pinions  of  8  leaves  each,  and  the  swing  wheel  30 :  Required  the 
numbers  of  the  second  and  third  wheels,  so  as  to  give  120  vibrations  in 
a  minute? 


120x60x8x8-7-60=7680 

3840 

1920 

960 

480 

240 

120 

60 

30 

15 

5 

1 


Nine  29,  one  3,  and  a  5,  when 
properly  arranged,  will  give  the 
numbers  96  and  80  for  the  teeth  of 
the  two  wheels. 


2 

2 

2 

2 

2 

2 

2  2x2s»4x2=8x2»16x2=32x3=96 

2  2'x2s4x2=i  6X22=16X6=80 

2 

3 

5 


There  are  some  cases  where  the  double  of  the  number  of  the  swing 
wheel  teeth,  will  not  divide  the  product  of  the  vibrations  in  an  hour  mul- 
tiplied by  the  pinions,  without  leaving  a  remainder ;  and,  even  where  no 
remainder  is  lefl,  there  are  sometimes  such  disproportionate  and  prime 
numbers  given  for  the  wheel  teeth,  as  could  not  well  be  adopted  in 
practice ;  assuming  118  for  the  number  of  vibrations  in  a  minute  is  one 
of  those  cases. 

The  swing  wheel  having  32  teeth,  a  pinion  of  9,  and  one  of  8,  the 
vibrations  102  in  a  minute :  Required  the  numbers  for  the  teeth  of  the 
second  and  third  wheels  ? 


102x60x9X8-^64= 


:6885 

3 

2296 

3 

766 

3 

265 

3 

86 

5 

17 

17 

1 

The  divisors  are  four  3s,  one  5,  and  a 
17,  which  last  bein^  a  prime  number,  can- 
not  be  farther  divided;  taking  it  there- 
fore with  the  5,  will  give  85  for  the  sec- 
ond wheel,  the  four  Ss  will  give  the  other. 

5xl7z=85  second  wheel 
3X3=9X3=27X3=81  third  wheel. 


/  - 


/ 


n 


THK    TBETH    OT    WHCBL8. 


n 


The  vibntioiifl  being  116  in  a  imnute*  the  fioiooB  8  eeck«  and 
the  swing  iHieel  80  s  What  must  be  the  numbers  ibr  the  teeth  of  the 
wheebT 


115x60x8x8-f>6(h=:  7360 

8X8=4X23=92 
=8X2=:16X6»80 


The  divison  are  siiSs,  ooe  5,  and  a  M. 
The  Wheeb  93, 80,  and  80,  and  2  nin- 
ions  of  8  each;  will  give  116.  vibnir 
tioDs  in  a  minute. 


The  two  fongoing  eammples,  ahfaouj^  diejr  are  widan  die  limits  of 
practice,  may  serve  to  show  that  larger  prime  numbera  maj  oecnrt 
and,  consequently,  be  unfit  for  use,  as  is  the  case  in  assuming  118 
for  the  beats  m  a  minute,  as  noticed  above,  where  die  prime  number 
69  is  the  constant  result  of  the  division,  and  which  number  is  quite 
incommensurate  with  the  other  divisors  to  make  proper  sets  for  die 
numbers  of  die  wheel  teeth. 

The  vibrations  108  in  a  minute,  the  pinions  6  and  7,  die  swing  wheel 
30 ;  What  must  be  the  numbers  for  the  wheel  teeth? 


108x60x8x7-1-60=  6048 

8x2»4x3=rl8x7=84 
3  X22:4x2-i8x3— 84x3->  72 


ThedtvisoTB  are  fiv^  2«,  diree  di,  and 
a  7;  die  wheels  84, 72,  and  80;  die 
pinionB8  and 7;  will  gvvel08vibm« 
dons  in  a  minute. 


The  number  of  examples  given,  is  in  older  that  the  rule  may  be* 
come  the  more  fiuniliar  and  easy.  Those  who  wish  to  [Hposecute  this 
subject,  and  would  require  to  have  rules  for  finding  hot  only  the 
numbers  for  the  wheel  teedi,  but  to  find  at  die  same  dme  the  numbers 
for  the  pinion  leaves,  and  the  numbers  for  the  teedi  of  swing  or  balance 
wheels,  are  referred  to  EUmens  de  Meehanique  StolifiM,  ioRie  saeoiui, 
trotMime  ediUoti,  par  M.  Canms^  a  PairUt  de  V  Imprmefia  cb  iVoiitt, 
1767,  or  an  English  translation  of  this  part  of  it,  for  J.  Taylor,  at 
the  Architectural  Library,  No.  69,  High  Holbom,  London,  1806b 
These  problems  by  Comuf  ,  are  more  requisite  for  the  finding  of  such 
numbers  for  wheels  and  pinions,  as  will  give  the  nearest  times  for  the 
revohitions  of  the  planets,  in  j>]anetariums  or  orreries,  than  for  any 
motioD  wanted  in  clock  or  watch-work  simply. 


The  preceding  rule  appbee  equally  to  the  finding  of  numbers  for  the 
wheel  teeth  in  watch  movements ;  and,  for  the  sake  of  the  watch- 
movement  maker,  some  examples  shall  be  given. 

3 
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For  the  fint  example,  let  that  of  a  common  uratch  be  taken,  where 
die  balance  wheel  has  16  teeth,  three  pinions,  having  six  leaves  each, 
and  the  beats,  trahi,  or  vibrations  in  an  hour  is  17280 :  Reqiured  Ae 
numbers  for  the  teeth  of  the  second,  third,  and  fourth,  (or  contnite) 
wheels? 

Vibrations i^r  minute 288x60x6x6x6-h30ail24416. 


2x%=6x3=18x3s64 
2x2ss4x2=:8x2sl6x3=48 
2x2:=:4x2=8x2s:16x3==4S 


The  divisors  h^ewill  befound  tocon- 
sist  of  nine  2",  and  five  3>,  which,  when 
properiy  ananged,  will  give  for  die  num- 
bers of  the  wheel  teeth,  64, 48,  and  48, 
with  a  balance  wheel  of  16  teeth,  and 
three  pinions  of  6  each,  will  give  a  train 
of  17280,  the  beats  in  an  hour. 


Thetrajb  is  18000  in  an  hour,  the  balance  wheel  16  teeth,  and 
three  )[>inions  of  6  leaves  eaidi :  Required  the  numbers  for  the  second* 
third,  and  fourth  wheels  ? 

TibratioDS  per  minute  300x60x6 X6x6-^30=129600.  Thedivi- 
aors  of  which  are  six  2^,  four  3^,  and  two  6^. 


3X3=9X3=±=27X2=64 

2x&=10x6s=^0 

2  X  2=:=4  X  2=s8  X  2=16  X  3=48 


■} 


The  numb^m  for  the  iriieel  teetk 


Those  divisors  can  be  anranged  into  another  set  of  numbers,  should 
in  be  diought  necessary,  as  thus  : 


xsJxSxSiSxSS  LJlwr^'^"^'"*^*"'^^' 

3X3=  9x6=46.  ^^"^^^^ 


dng  the  train  17280,  the  balance  wheel  14,  two  pinions  of  8, 
and  one  of  7,  what  must  be  the  numbers  for  the  teeth  of  the  three 
wheels  t 

17280  X  8  X  8  X  7^28=276480.   The  divisors  are  eleven  2%  three  3s, 
and  one  6. 


2X2=4X2=  8X3=24X3=72  \      v.„«iu.«.  m«*»«  f^tl^ 
2X2=4X2=8X2=16X2=32X2=64  Lu^^^ ^^"^ *^' *^ 

2x2=  4X3=12X6=60. 


.  1  wheel  teeth. 


If  the  number  72  is  taken  for  the  fourth  wheel,  then  this  will  be  a 
fourth  wheel  seconds  movement 


TBB  TUTB   (NT   WMMMiS.  19 

The  beats  in  en  hoar  179i0,  two  pinioDB  of  8,  end  one  of  7,  the 
helance  wheel  14:  Required  the  numbers  for  the  teeth  of  the  second 
thirdt  and  fourth  wheeb  ? 

17920  x8x8x7-i-28aB2867209  whoee  divisors  are  (hiiteen  ^  efte  S« 
and  a  7. 


2X6=10X7=70  \  T^,  , 
2X2=4X2=8X2X16X2=30X2=64  >rJT° 
2X2=4X2=8X2=16X2=82X2=64. )  ^'  "^ 


2X6=10X7^70  t  Numbers  ijlvenforfhetoath 

whras. 


The  beets  in  an  hoar  ben«  assumed  at  18000,  two  pWotts  of  10^ 

and  one  of  8,  the  balance  idied  \§  teeth:  «Requied  the  numhen  to 

the  teeth  of  the  secondy  third*  and  fourth  wheeist 

18000xlOxlOx8-«-dO=480000.    The  divisors  are  ei|^  2<,  one  8v 
and  four  6«. 


■} 


2x2s4x2«>8x2»>16x5— 80 

2x2m4X2=8x2=16x6«-60  \  Numbecs  to  the  wheel  teeth. 
8x5—16x6—76. 


If  the  fourth  wheel  in  this  is  made  80«  that  is  changing  phioes  and 
numbers  with  the  third  ^dieel,  it  will  then  become  a  fourtti  wheel  seconds 
movement 

Given  18432  for  the  beats  in  an  hoar*  the  pSitonsSeach*  andAe 
balance  wheel  16 :  Required  the  numbers  to  the  teeth  of  fiie  dunee 
wheels. 

18432x8x8x8-4-32=294912.  The  divisors  are  fifteen  ^^  and 
two3«;  (or  one  9,  which  is  the  same  thing;  yet,  properly  speakingt 
9  should  never  in  these  cases  be  expressed,  althou^it  may  be  im- 
pUedt  as  it  is  not  itself  a  prime  number.) 

2x2i^>4  X2^B  8v9aB72  \ 

2X2-4X2=8X2-16X2-32X2=64  i  Numbers  for  thewheel  teeth. 
2X2=4A2=8X2— 16X2— 32X2— 64.  ) 

Given  360  beats  in  a  minute,  or  21600  in  an  hour,  the  pinions  8  each, 
and  the  balance  wheel  16 :  What  numbers  will  be  required  for  the  teeth 
of  the  wheels? 

21600x8x8x8-f-30=368640.  The  divisors  are  thirteen  20,  two 
38,  and  a6. 


2X2=4X2=  8X2=16X6=80  1     m^     _,       r    *k      u    i 
QN^o^AN^o— ftv^a— o>is/a_72  >    The  numb«rs  for  the  wheel 

=64. )  *®®*' 


2X2=4X2=  8X3=24X3=72 
2X2=4X2=8X2—16X2=332X2 


to  riHBlSQ  MMMBBS  wim 

Qtren  MMO  beats  in  tti  iioiir^  4w   pimons  8,  and  (he   bahnoa 

'wheel  16:    YfYmt   nombeni  wS  be  required   for  the   teeth  of  die 

fvheeb? 

18000x8x8 xd+80=rd07200.    The  divisorB  are  twdve  2«,  one  3, 
and  two  6*. 

The  numbers  for  the 


3X6=15X6»76  ) 
12X2«4X2b8X2=:16X2— 3&XSs64  } 
2X2»4x2=:8X2»16x2=z82xS=64.  j 


wheel  teeth. 


Ghrcii'the  same  as  the  preceding  eiample,  only  the  balance  wheel  16 
'4aplMeofl6:  To  imd  the  numbetsfer  the  wheel  teeth! 

18000X8X8X84-82s288000.  The  divisors  are  eight  2»,  two  d*, 
ttidtfaiieeA*. 

~"  The  numbers  for  the 


5&6s=25X3ss75  \ 

2X2s=4X8=8X2=16X2==32X2s64  S 

SK2s  4A5ss20X3«60.  j 


wheel  teeth. 


Given  20260  for  the  trains  pinions  of  6,  and  the  bahince  wheel  16 : 
*T»  flfld  die  nmnbers  for  ^  whed  teeth? 

80860XBX6X6-i>30=146800.    The  divisors  are  three  2b,  six  38,  and 
two  6s. 

3X3=9X3=27X2=64  ) 

3X3=9X3=27X2=64  }     The  numbera  found  for  the  wheel  teeth. 
6X6=26X2=60. ) 

Given  7200  beats  in  an  houTy  the  pinions  8,  wid  the  balance  wheel 
16 :  To  find  the  nunJiers  for  the  teeth  of  the  wheels : 

7200X8X8X8-^30=:122880.  The  divisois  are  thirteen  2s,  one  3, 
and  a  6. 


1=64) 
i=48> 
=40  j 


SX2^a4XSs98X2=16X2=32X2=64 

2X2=4X2=  8X2=16X3=48^  Numberalbrlhe  wheel  teeth. 
2X2=  4X2=  8X6 


Given  14400  beats  in  an  hour,  the  pinions  8  each,  and  the  balance 
wheel  16:  To  find  the  numbers  for  the  teeth  of  the  wheels? 

a4400X8J(»;r8-i-30=246760.  The  dtvisors  are  fourteen  28,  one  3, 
and  a  6. 

3X2=4X2=8>f2=16X2=32X2=64  \ 

ie(3=4Jr2=8X2=16X2=82X2=64  }  Numbera  for  the  wheel  teeth. 
2^=  4X8=12X6960. ) 


or  WBBBU.  SI 

IliUiig  ll»  dM  whfid  60.  aad  te  fburti  v^ 

The  beats  in  anhoor  being  14400,  the  pinions  lOeach,  and  the  bal- 
ance wheel  16 :  Required  the  numbers  for  the  wheel  teeth  T 

Vibrations  m  a  minute  240X60XlOxlOXlO-t-30s480000.  The 
divisors  are  eight  2*,  one  3,  and  four  6*. 


1.1 


2A2»4x2»8X2a.l6X53.80 

aX5al6X5»75  S  Numbers  for  the  wheel  teeth. 
2X2»4x2«8X2al6Ar5»80. 


The  beats  in  an  hour  14400,  two  pinions  of  12,  and  one  of  10, 
the  balance  wheel  16 :  What  must  be  the  numbers  for  the  wheel 
teeth? 

14400X 12X 12  X  10-i-82-i6480OO.  The  divisors  are  six  2s,  four  8«, 
and  three  9b. 

2x2a4X2»8x2»16X2a32X3»06  \ 

2X3»  6X3al8X6»90  >  Numbers  for  the  wheel  teeth. 
3X«i-15X6«i75.  f 

The  same  as  the  praoedingi  ooltf  the  pinkms  have  are  all  12. 
14400  X 12  X 12  X  l2*«-82>«77760a    The  divisors  are  seven  2«»  five 
S»,  and  two  6«. 

a;ra-4Jf2-8X2-165a-8ax|3-96  .    j,,„,^  for  th.  wheel 


s8X2ail6;r2»82X|3^a*96  \  |^,^, 
2X3=  6X3«18A6z=90  J  f ™ 
2X3=  6X3=18  Jr6«90.j    ^^^ 


Slow  trains  are  suited  onljfor  box  chronrcmeters ;  14400  has  been 
genersUy  adopted;  and  where  the  balance  wheels  have  12,  14,  15, 
or  16  teeth,  numbeia  lor  the  teeth  of  the  other  wheels  may  easily  be 
obtained.  But  with  common  numbers  for  the  teeth  of  the  wheels  and 
leaves  of  the  piaioat,  and  a  balance  wheel  of  13,  the  seconds  hand 
cannot  point  in  a  regular  order  to  the  seconds,  on  the  seconds  circle* 
The  nearest  approximation  to  this  is  by  making  the  fourth  wheel  74, 
and  the  balance  wheel  pinion  8,  the  train  would  then  be  14430,  being 
240^  beats  in  a  minute  in  place  of  240*  If  we  take  numbers  such 
as  aia  not  altogether  impracticable  for  the  fourth  wheel,  and  balance 
wheel  pinion,  the  balance  wheel  being  13,  we  can  get  14400  exactly ;  a 
fourth  wheelof  120,and  abalance  wheel  pinion  of  13,  wiUdothis. 

The  following  shows  the  train  of  14400,  with  fourth  wheels  and 
balance  wheels,  with  their  pixiions  of  different  numbers.    The  fourth 


S8  mmaio  thk  nunr. 

wheel  18  divided  b j  the  babnee  uteel  pinioo ;  tbe  quotient,  muUiplied 
by  double  of  the  number  in  the  balance  wheel  teeth,  givee  the  beats 
inaminute. 

8)80(10  X24douUethenumberortbeba]anceiirtieel— 240X60— 14400. 

13)120(9iVX26 240X60=14400. 

«14)120(84^X28 240A:60b=1440a 

,    10)80(8X  30     .    .  : 240X60=14400. 

10)76(7iX  32     ...I 240X60=14400. 

The  beats  18000  in  an  hour,  two  pinions  of  8,  and  one  of  7,  the 
balance  wheel  being  16 :  Required  the  numbers  for  the  teeth  of  the 
wheels. 

Yibrationq  in  a  minute  300X60X8X8X7-f-80»268800.  The  divi. 
sors  are  nine  28,  one  8,  two  68,  and  a  7. 

2X6«10A7a70  ) 
2X2=4>r2=8X2=16X2=32X2=b«4  >  Numbers  for  the  wheel  teeth. 

b=  4X3=12X6=60.  j 


These  numbers  are  suitable  for  afourth  wbeeH  seconds  movement  bjr 
putting  70  for  the  fourth  wheel,  but  this  makes  the  teeth  to  be  rather 
fine ;  and  where  fourth  wheel  seconds  are  not  intended,  it  is  in  favor 
of  the  movement  to  have  die  wheels  in  the  order  of  70,  64,  and  60. 

Althou^  there  are  more  examples  given  for  finding  numbers  for 
the  teeth  of  wheels  than  mi^t  be  thought  necessary,  it  was  judged  proper 
not  to  set  any  of  them  aside  that  have  been  given. 

When  the  numbers  of  the  wheel  teeth,  and  of  the  pinion  leaves, 
are  known,  the  trai|i  or  beats  in  an  hour  in  either  a  clock  or  watch, 
is  obtained  by  multiplying  the  wheels  into  one  another,  and  the  pro- 
duct by  the  double  of  the  number  of  teeth  in  the  swing  or  balance 
wheel,  and  this  last  product,  divided  by  the  amount  of  the  pinions 
multiplied  into  one  another,  will  give  for  the  quotient  the  number  of  beats 
in  an  hour. 

Take  for  example  the  wheels  72,  64,  64,  and  16,  three  pinions  of  8 
each  to  find  the  train  ? 

72X64X64X32»9437184-§-8X8X8^=612  gives  the  train  18432. 

When  the  movement  is  for  a  fourth  wheel  seconds,  then  the  train 
is  got  by  dividing  the  fourth  wheel  by  the  balance  wheel  pinion,  the 

"The  numbwB  htie  can  be  7  and  60,  which  is  dividing  the  fraction  -iffk  by  2« 


tnronie  ram  mnom  lsatbi.  tS 

quetienft*  nndlil^iied  hf  double  of  the  mniber  of  teeth  i&tte  behnee 
hImoI,  and  then  bj  60,  wffl  give  Ae  beets  or  train  in  an  hour. 
Let  the  finirtfa  wheel  be  80,  die  balance  wheel  16«  and  its  pinioa  8< 

Then  80-^8=10  xdOx  60=  18000,  die  train 

It  may  be  obeorved,  that  die  rule  for  finding  the  train  is  nearly 
die  convene  of  that  for  finding  the  teedi  of  the  wheels.  And  aa  the 
number  which  is  decomposed  into  divisora  is  the  product  of  the  wheel 
teedi  multiplftd  into  one  anodier;  so  this  again  being  multiplifd  by 
double  of  the  number  of  the  balance  wheel  teedi«  and  divided  by  the 
train,  the  quotient  will  be  diat  number,  which  when  resolved  into  di- 
visora and  propeily  arranged,  will  become  numbera  (or  the  jmiion 
leaves. 

It  is  evident,  that  if  the  number  9487184  be  divided  by  the  train 
18482,  that  the  quotient  612  must  be  the  product  of  the  jMnions  mul- 
tqJied  into  one  another.  The  divisora  of  612  are  nine  2*,  making 
three  sets  of  2x2=4x2=8,  all  the  pinions  being  a 

The  product  of  die  wheels  96,  90,  76,  and  82,  the  double  of  die 
balance  iriieel,  being  divided  by  the  train  14400,  the  quotient  will  be 
1440»  vrfiose  divisora  are  five  9*,  two  3«,  and  a  6 ;  arranging  them  will 
show  the  pinions. 

2x2=4x8=12  \ 

2x2=4x8=12  }     Numbera  for  die  pinion  leaves. 
2x6=10.  j 

It  deserves  to  be  remarked,  that  it  has  been  frequendy  the  prac- 
tice, to  put  an  odd  number  of  teelfa  into  the  balance  wheel,  although 
the  nature  of  the  'scapement  would  have  allowed  one  of  an  even  num- 
ber, all  other  circumstances  being  made  to  accord ;  this  seems  to  have 
arisen  firom  the  old  crown  wheels,  whose 'scapement  would  admit  no 
other  number  but  an  odd  one,  (as  has  aheady  been  mentioned  in 
page  11.) 

In  movements  intended  to  give  seconds  by  the  fourth  wheel  m  a 
watch  or  chronometer  of  any  kind,  having  assumed  the  train,  and  the 
number  of  teeth  in  the  balance  wheel,  nodiing  more  is  wanting  than 
to  find  the  number  of  turns,  (and  parts  of  a  turn  when  there  are  any) 
that  the  balance  wheel  must  make  in  a  minute,  ftcnn  whieh  is  derived 
the  number  for  the  bahnoe  wbeel  pinion,  and  by  it  is  obtained  that 
for  the  teeth  of  the  fourth  wheeL 

The  numbera  for  die  teeth  of  the  second  and  third  wheels,  and  for 
the  third  and  fourth  wheel  pinions,  vAatever  they  are,  ought  always 


34  tmmH^  TSt  pimoK  iMtrtt. 

to  give  Ad  reTolittioiis  of  the  foartfa  iriieelf  to  those  of  the  eeoond 
wheel  in  the  constant  ratio  of  60  to  1* 

It  may  be  thou^t  mmeoeflsaiy  to  mention  herot  that  fi>r  Hob  pinw 
pose  the  number  of  teeth  in  the  second  wheel  diould  be  ei^t  times 
that  of  the  third  wheel  pinion,  and  those  m  the  third  wheel  seven  and 
a  half  times  that  of  the  fourth  vdieel  pinion.  Indeed  it  will  be  the 
same  thing  whether  the  greater  number  is  put  into  the  second  or 
third  wheel,  provided  the  pinions  be  contained  in  these  numbers  8 
times  and  7i  times.  If  the  number  of  teeth  in  the  second  wheel, 
when  multiplied  by  those  in  the  third  wheel,  and  the  product  divided 
by  that  of  the  third  and  fourth  wheel  pinions  multiplied  into  (me 
another,  have  60  for  the  quotient,  they  will  then  be  in  their  proper 
ratio. 

Now  to  find  the  numbers  for  the  balance  wheel  pinion,  and  die 
fourth  wheel,  in  a  fourth  wheel  seconds  watch.  As  a  fint  exampk 
in  ikis  way^  we  may  take  the  train  of  a  common  watch,  which  in 
general  is  17380,  the  number  of  teeth  in  the  balance  wheel  16,  and 
let  the  fourth  or  contrate  wheel  be  supposed  to  make  a  revolution  in 
a  minute :  It  is  required  to  find  the  numbers  for  the  balance  wheel 
pinion,  and  for  the  teeth  of  the  fourth  wheel  t 

JBiife.-*Divide  the  train  by  60,  the  quotient  will  be  the  train  or 
beats  in  a  minute,  which  being  subdivided  by  double  the  number  of 
teeth  in  the  balance  wheel,  will  give  the  number  of  revolutions,  (and 
finctional  parts  of  a  revolution  when  there  ate  any,)  made  by  the 
balance  wheel  in  a  minute.  If  the  revolutions  are  composed  of  a 
whole  number,  then  the  pinion  may  at  pleasure  be  any  number,  which 
when  multiplied  by  the  whole  number  in  the  quotient,  wiH  give  the 
-wimber  for  the  fourth  wheel  teeth.  But  should  ibe  revohitions  of 
the  balance  wheel  be  in  whole  numbers,  and  finctional  parts  of  ano- 
ther, the  denominator  of  the  fraction  determines  the  number  of  the 
pinion;  and  the  number  for  the  fourth  wheel  teeth  is  obtained  by 
multiplying  the  denominator  by  the  whole  number,  to  ^i4kich  the 
numerator  must  be  added,  making  what  is  oaUed  an  improper  frac- 
tion, the  numerator  of  which  ymH  represent  Aer  number  for  the  fourth 
wheel  teetfi,  and  the  denominator  that  for  the  pinion^  as  has  been  ob- 
served. The  train  17280  being  divided  by  60,  will  give  288  hi  (he 
quotient  for  the  train  at  mind)er  of  beats  in  a  minute,  and  tiris  sub- 
divided by  80,  the  doable  <of  the  number  of  teeth  in  the  balance  wheel 
will  give  the  number  of  revolutions  and  parts  of  a  revoluttcm,  made 
by  Hxe  balance  wheel  in  a  minute,  whidi  in  ikks  ease  will  give  9if 
for  the  quotient,'  as  thus,  30)288(9#,  which  is  the  same  with  0^^ 
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tiie  denonMnaUnr  10  of  the  fraction  repreaents  the  number  for  die 
fHnion*  and  die  whole  number  9  being  multq>lied  by  it,  and  the  num- 
ber 6  added,  will  give  the  improper  faction  -ft^  of  which  the  nume- 
rator 96  represents  the  number  for  the  fourth  indieel  teeth.  The  frac- 
tion -ft  may  be  reduced  to  ^,  where  6  represents  the  {nnion,  and 
48  the  fourth  wheel.  Ten  for  the  pinion  may  be  thought  too  flight 
and  if  we  take  48  for  the  wh&eU  and  6  for  the  pinion,  fiot  may  be 
thought  too  low  ^  number. 

There  isj  howev^,  nothing  impracticable  here*  irtiether  the  pinkm 
10  or  6  be  taken. 

JLrosnp^  2d.  Let  17400  be  assumed  for  the  train,  and  16  for  the 
balance  wheel  teeth,  what  must  be  the  numbers  for  the  balance  wheel 
pinion,  and  for  the  fourth  wheel  teeth? 

17400-i-60a290-i-30s9H«  or  9i,  for  the  revolutions  of  tiie  ba- 
lance  wheel  in  a  minute ;  the  mixed  number.  Of,  as  it  is  called  iriien 
reduced  to  an  improper  fraction,  will  be  ^;  tiie  numerator  Q8  being  the 
number  for  the  fourth  wheel  teeth,  and  die  denominator  6  for  that  of  the 
pinion. 

ExampleSd.  Take  the  train  18000,  and  the  balance  wheel  15: 
to  find  the  numbers  for  the  fourth  wheel  and  balance  wheel  pinion? 

18000-i-608300-i-30ailO,  the  number  of  revolutions  made  by  the 
balance  wheel  in  a  minute,  which  being  a  whole  number,  any  number 
may  be  taken  for  the  pinion;  if  7  is  taken,  then  the  fourth  lAeel  must  be 
70;  if  8  is  taken,  then  the  fourth  wheel  must  be  80. 

Example  4(ft.  Let  18482  be  assumed  for  the  train,  and  16  for  the 
balance  wheel :  Required  the  numbers  for  the  balance  wheel  piniont  and 
for  the  fourth  wheel  ? 

18432-&-60»307.if  9  or  307.2-^32 aeO.O,  the  number  and  decimal 
parts  of  the  revolutions,  which  would  be  made  by  the  balance  wheel  in 
a  minute ;  the  pinion  here  must  be  10,'and  the  wheel  96,  as  refMresented 
in  the  improper  fraction  obtained  from  9.6  or  9  -Ar^'H* 

Example  6th.    The  train  18000,  tiie  wheel  14  ? 

18000-r^0B300'f-28=lO}ii  or  IO^^Jt^l.  With  the  same  train, 
and  a  balance  wheel  of  16,  the  fraction  would  be  ^.  The  wheel  be< 
ing  IS,  the  fraction  would  be  •^. 

Exan^  6ih.    The  train  21600,  the  wheel  15  ? 

21600-^60s360-«-30=12,  and  12x7  taken  here  for  the  pinion,  will 

give  84  for  the  fourth  wheel 

4 
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faonyb  7tk.    The  train  14400,  the  wheel  16? 
14400-^60s240-^-30sa,  taking  10  for  the  pimon,  and  multiplying  it 
by  8*  gives  80  for  the  wheel. 

Example  8th.    The  train  14400,  the  wheel  14? 
14400-*-60:=240-^28«8it,  or  8fr«^*^,  or^;    for   18000,^. 

Example  9tlL  The  same  train  as  the  preceding,  with  a  bakmoe  wheel 
of  13? 

14400-7-60=5240-s-26=:9A9or  9^^-^.  This  is  the  only  &w> 
tion  that  in  this  case  can  be  obtained  for  a  balance  wheel  of  13  teeth ; 
and  although  the  numbers  are  rather  hi^  they  are  not  quite  imprac- 
ticable. 

It  has  been  alleged  by  some,  that  with  a  balance  whed  of  13 
teeth,  it  was  impossible  to  constitute  a  box  chronometer,  and  to  have 
a  train  of  14400.  An  eminent  maker  has  said  that  18000  was  the 
best  train  £5r  them,  at  the  same  time  givmg  13  teeth  to  the  balance 
wheel  in  box  chronometers,  and  16  teeth  to  pocket  ones:  now  a  train 
of  18000,  with  a  balance  wheel  of  13  teeth,  cannot  possibly  be  ob- 
tained, unless  by  using  very  high  numbers  for  the  fourth  wheel,  and 
also  for  tte  balance  wheel  pinion.  What  the  numbers  were  which 
he  adopted,  we  have  not  been  favored  with,  and  are  of  the  opinion 
tfiat  no  other  can  give  the  train  18000  but  the  following.  The  beats 
in  a  minute  are  300,  this  divided  by  the  double  of  13,  will  give  the 
revokrtions  and  parts  of  a  revohition  which  the  balance  wheel  must 
make  in  a  minute.  300-7-26= lli|,  orll-iV;  this  reduced  to  an  im- 
proper fraction  gives  it  -HV^.  So  that  the  fourth  wheel  must  have  160 
tee&,  and  the  balance  wheel  pinion  13  leaves ;  and  without  these  num- 
bero,  it  is  impossible  to  obtain  18000  fikr  the  train,  the  balance  wheel 
having  13  teeth. 

ExampU  1(Ml    The  train  7200,  the  balance  wheel  12? 

7200-«-60«120-^-24=6.  Taking  12  as  the  number  for  the  balance 
wheel  pinion,  it  wiH  require 60  for  the  fourth  lAeel;  a  pinion  of  14  re- 
quires 70. 

• 

The  foregoing  examples  apply  wholly  to  such  movements  as  are 
intended  for  fourth  wheel  seconds;  but  even  in  movements  wh^e  there 
are  no  fourth  wheel  seconds,  numbers  for  the  balance  wheel  pin- 
ion, and  fourth  wheel  teeth,  may  be  obtained,  provided  we  have 
those  in  the  second,  third,  and  balance  wheels,  and  in  the  third  and 
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fiNBth  whoA  piokMis,  aiong  with  die  aasumed  train.  Let  the  commoii 
tram  of  17S80  be  aasumed,  the  aeoond  vbeel  72,  the  third  64,  the  bal- 
ance wheel  15,  and  the  third  and  fourth  idieel  pimooa  8  eaeh :  Baqoir- 
edthe  number  for  the  balance  wheel  pinion,  and  that  for  the  fourth 
wheel? 

BuU. — ^Find  how  many  secooda  the  fourth  wheel  pinion  takeato 
make  a  revolution;  fiporo  tins  number  of  aeeonds,  calculate  the  train  or 
number  of  beats  given  by  the  bahmce  wheel  during  that  time,  the  beats 
being  divided  by  the  douUe  of  the  number  of  the  balance  wheel  teeth, 
the  quotient  will  give  the  number  of  turns  (and  fractional  parts  of  a  turn 
when  there  are  any,)  made  by  the  balance  wheel  in  that  time.  72x64 
-9-8x8=372,  the  fourth  wheel  then  makes  72  revolutions  in  an  hour; 
the  seconds  in  an  hour  are  3600-i-72=50,  which  is  the  number  of 
seconds  for  eveiy  revolution  of  the  fourth  wheel  or  its  pinion;  the  tndn 
in  a  minute,  or  60  seconds,  is  288. 

Then  60  :  288  : :  60  :  240,  and  240-4-30»8,  the  turns  made  in  60 
seconds  by  the  balance  wheel  or  its  pinion ;  the  fourth  wheel  must  be  64, 
and  the  balance  wheel  pinion  8,  which  will  be  turned  round  8  times  in  50 
aeeonds.  if  the  balance  wheel  was  14,  then  Ae  pinion  would  be  7,  and 
the  fourth  wheel  60,  as  240-i-28=:8t=:  V^. 

Let  the  train  assumed  be  18000,  die  bdance  wheel  15,  the  second 
and  third  wheels  54  and  50,  the  third  and  fourth  wheel  pinions  6  each: 
It  is  required  to  find  the  numbers  for  the  balance  wheel  pinion,  and  for 
the  teedi  of  die  fourth  wheel. 

The  fourth  wheel,  or  its  pinion,  takes  48  seconds  to  make  a  revolu- 
tion. Then  as  60  *.  300  : :  48  :  240-!-30=8,  the  number  of  revolutions 
which  the  balance  wheel  takes  to  give  240  beats.  If  we  take  6  for  the 
pinion,  the  wheel  will  be  48,  as  8x6=48. 

Take  as  the  last  example :  The  train  18000,  the  balance  wheel  15, 
the  second  and  third  w  heels  80  each,  the  third  and  fourth  wheel  pinions 

10  each :  Required  the  numbers  for  the  balance  wheel  pinion  and  fourth 
wheel  teedi? 

The  fourth  wheel  pinion  takes  66.25  seconds  to  make  a  revolution ; 
dien,  as  60  :  300  :  :  56.25  :  281.25-t-30=9.375,  or  9%:=^.— 76  is  die 
immber  for  the  fourth  wheel,  and  8  for  the  balance  wheel  pinion. 

Trains  for  common  watch  movements,  with  balance  wheels  of  13  or 

1 1  teeth,  are  not  readily  made  out,  from  the  frequent  recurrence  of 
prime  numbers,  which  are  so  high  as  to  be  unfit  for  the  number  of 
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teeth  in  any  wheeL  The  following^  howevar,  are  Irains  and  numbem 
for  the  wheel  teeth,  where  the  balance  wheels  have  11  and  13  teeth. 

The  train  assumed  is  17160,  the  pinions  6  leaves  each,  and  the  bal- 
ance wheel  11  teeth :  Required  the  numbers  for  the  second,  third,  and 
contrate  wheels? 

17160x6x6x6-1-22=168480.  The  divisors  are^  five  2s,  four3s,one 
6,  and  a  13 ;  when  they  are  arranged,  may  stand  thus : 


I=12x5»60  \ 
;=18x3=:64  } 
!=4X  13=52.) 


2X2»4X3=12X5»60 

2x3«6x3=18x3=64  \  Numbers  for  the  whed  teeth. 
2x2= 


or  the  divisors  can  be  so  disposed  as  to  giv^  the  numbers  66,  64,  and 
48. 

Should  the  train  17160  be  thought  too  slow,  then  take  17732,  with  pin- 
ions of  6  each,  and  the  balance  wheel  11,  and  the  wheel  teeth  will  be 
62,  64,  and  62. 

Bequired  the  numbers  for  the  wheel  teeth,  where  the  pinions  are  8, 7, 
and  6,  the  balance  wheel  13,  and  the  train  17160  ? 

17160|<(fix7x6-«-26=221760.  The  divisors  give  64,  63,  and  65 
for  the  numbers  of  the  wheel  teeth. 

With  the  same  pinion  and  balance  wheel,  the  train  fixed  at  17732, 
what  must  be  the  numbers  for  the  wheel  teeth  ? 

17732  X  8  X  7  X  6-^-26=229162.  From  the  divisors  here  are  obtained 
the  numbers  66,  62,  and  66,  for  the  wheel  teeth. 

The  pinions  8  each,  the  balance  wheel  13,  and  17732  the  train:  the 
wbbela  required  for  this  are  88,  64,  and  62. 

The  pinions  7  each,  balance  wheel  13,  and  the  same  train  as  in  the 
two  last  cases :  the  wheels  required  are  77,  62,  and  49. 

Numbers  maybe  got  that  are  nearer  in  proportion  to  one  another 
than  those  in  the  last  two  examples :  there  would  then  be  a  fraction  in 
the  train ;  but  this  might  be  considered  as  a  thing  of  Uttle  or  no  conse- 
quence. 

The  foUowiug  are  a  few  sets  of  wheels  and  pinions,  whose  trains  might 
be  very  admissible  in  practice. 
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WhocU. 

PinionB. 

Trains. 

72,  60,  66,  13. 

.    -    7,7,7. 

-     .     18337^ 

70,  60,  64,  13. 

•'   -        ditto 

-    -     17191^ 

70,  60,  66,  13. 

•    •        ditto 

.    -    17613iVr 

74,  66,  66,  13. 

-    -        ditto 

-    -     17690^ 

74,  66,  66,  13. 

.    .        ditto 

-    -     17276H 

74,  66,  64,  13. 

-    -      8,7,6. 

-    .     17316 

A  balance  wheel  of  9  is  rather  an  uncommon  thing,  but,  if  a  very 
fiat  verge  watch  was  wanted,  the  train  17160  may  be  taken,  the  pinions 
being  6  each;  then,  in  this  case,  the  wheels  66,  60,  62,  and  9,  will  give 
the  train  here  assumed. 

When  a  watch  movement  does  not  show  seconds  by  the  fourth 
wheel,  it  is  requisite  to  know  the  time  that  the  fourth  or  contrate 
wheel  takes  to  make  one  revolution;  for,  knowing  this,  the  watch  can 
be  more  speedily  regulated  or  brought  to  time. 

Having  the  numbers  of  the  teeth  in  the  second  and  third  wheels, 
and  the  number  of  leaves  in  the  third  and  fourth,  or  contrate  wheel 
pinions,  it  is  easy  to  find  the  number  of  turns  that  the  contrate  wheel 
must  make  for  one  turn  o£  the  second  or  centre  wheel ;  and  the  time 
that  the  centre  wheel  takes  to  make  one  revolution  being  an  hour, 
from  this  can  be  found  the  time  that  the  contrate  wheel  takes  to  make 
one  revolution. 

The  numbers  of  the  second  and  third  wheel  teeth,  in  a  common 
watch  movement,  are  64  and  48,  the  third  and  contrate  pinions  are 
6  each;  then  to  find  the  revolutions  that  the  contrate  wheel  or  its 
pinion  must  make  for  one  revolution  of  the  second  wheel: — Itakf 
Multiply  the  numbers  of  the  second  and  third  wheels  into  one  ano- 
ther, the  product  divided  by  that  of  the  third  and  contrate  wheel 
pinions  will  give,  for  quotient,  the  number  of  turns  that  the  contrate 
wheel  or  its  pinion  must  make  for  one  turn  of-  the  second  wheel. — 
54X48=(2692)-T-6X6=(36)=72,  the  number  of  revolutions  which 
the  contrate  wheel  must  make  in  an  hour ;  if  3600,  the  number  of 
seconds  in  an  hour,  be  divided  by  72,  it  will  give  in  the  quotient  60 
for  the  number  of  seconds  that  the  contrate  wheel  takes  to  make  one 
revolution. 

The  wheels  72,  and  64,  the  pinions  8  each;  how  many  revolu- 
tions does  the  contrate  or  fourth  wheel  make  in  an  hour,  and  how  many 
seconds  are  taken  in  each  revolution? 

72  X  64=(4608)  -t-8  X  8=(64)=72.  the  number  of  turns  in  an  hour ; 
and  3600-1-72=60,  the  number  of  seconds  that  each  revolution  takes! 
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— ^The  wheels  70,  and  64,  the  pinions  8,  give  70  for  die  number  of 
turns  in  an  hour,  and  61.43  seconds,  the  time  taken  for  one  revolu* 
tion. — ^The  wfaeds64,  and  60,  (he  pinion  6;  ^  revolutions  76,  the 
time  48  seconds  to  each. — ^The  wheels  76  and  64,  the  pinioos  8,  give 
76  revolutions,  and  the  time  48  seconds. — ^llie  wheels  76  and  64,  the 
pinions  10  and  8,  give  60  revolutions  each  in  a  minute^ — ^Tfae  wheels 
64  and  62,  the  pinicms  6,  give  76.22  revolutions;  47.86  seconds  in 
time. — ^The  wheels  80,  and  64,  the  pinions  8,  give  80  revolutions; 
the  time  46  seconds  each.  A  watch  movement  may  come  from  the 
maker  witib  its  wheels  and  pinions  property  adapted  for  the  train  mtend- 
ed ;  but  this  may  be  rendered  of  no  avail,  unless  the  finisher  takes  the 
trouble  to  compute  what  number  of  teeth  the  balance  wheel  should  have. 
It  has  happened  (though  rarely)  from  a  want  of  attention  to  this,  that  a 
balance  wheel  has  been  cut  13,  in  place  of  16,  making  the  train  16600 
instead  of  18000. 

A  centre  seconds  watch  whose  train  was  14400,  which  is  by  far 
too  slow  for  a  pocket  watch,  and  therefore  it  was  necessary  to  have  it 
altered,  and  made  quicker ;  and  here  there  lay  some  difficulty,  owing  to 
its  having  centre  seconds,  and  more  particularly  so  when  a  pinion  of  7, 
and  a  balance  wheel  of  14  is  wanted :  by  the  former  method,  this  pro- 
cess required  to  be  frequentiy  gone  over  in  consequence  of  which  we 
took  a  process  by  analysis. 


UU  Supposing  the  balance  wheel  to  have  14  teeth,  and  to  make  10.6 
turns  in  a  minute,  then, 

14X2=28X10.6=294  the  beats  in  a  minute. 
This  multiplied  by  -  60  the  minutes  in  an  hour, 

gives         ....  17640  the  train  or  beats  in  an  hour. 

Again,  multiply  by  the  pinions  448  that  is  8  x8  X7=448, 

gives  for  product  -  7902720    From  this  deduce  numbers 

for  the  wheels, 

64        63 
70)7902720(112896(1764(28 

Then  with  the  wheels  70,  64,  63,  14,  the  pinions  8,  8,  and  7,  the 
train  will  be  17640 ;  and  if  the  leading  pinion  on  the  balance  wheel 
pinion  arbor  be  8,  this,  multiplied  by  10.6,  will  give  84  for  the  teeth 
of  the  centre  seconds  wheel,  which  will  be  carried  round  once  in  a 
minute ;  or  the  leading  pinion  may  be  6  if  the  wheel  is  63. 
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2A  WhMlB  70,64,  60,  16;  pimoBB  8,  8,7;  train  18000;  tead^ 
■^  pinion  being  6,  7,  or  a  Ttie  seconds  wheel  will  be  aocordin^y 
60, 70,  or  80. 

Ten  turns  of  tiM  bekttoe  wheel  in  a  minute  fph^es  300  beats,  and 
this  mohiplied  bj  60,  the  minutes  in  an  hour,  gives  18000,  the  beats 
in  an  hour. 

3ax  10»800  X60KS18000 
Multiplied  by  the  product  of  the  pinions        -        448^=8x8x7 

8064000 
64        60 

80)8064000(116200(1800(30.  Here  the  wheels  are  as  above,  and 
30,  the  double  of  16,  die  number  of  the  balance  wheel  teeth. 

ad,  28  X  11=808  X60=:18480 

Mukipiied  by  the  (woduct  of  the  pmions  -  448=:8x8x7s3448 

8279040 
66       64 

70)8279040(118272(1792(28.  Here  the  wheels  aie  70,  €6,  64* 
and  28,  the  double  of  14,  the  number  of  the  balance  wheel  teedi ; 
then  a  pinion  of  7,  leading  a  wheel  of  77,  wiU  turn  it  round  in  a  mi- 
nute. 


CHAPTER  HL 

Of  Dial  Wheels  or  Motion  Work^  Length  of  Time  of  Going  with- 
out Winding  Up ;  and  of  the  Trams  for  Three  Part  Clocks^  such 
as  those  which  strike  Qmarters  of  themsehes^  or  gvoe  Chkncs  or 
Tunes  as  Musical  Clocks  do,  ^c.  ^c. 

To  show  how  to  compute  numbera  for  the  teeth  of  those  wheels  and 
pinions,  which  constitute  what  is  commonly  called  the  Dial  or  Mo- 
tion Work  of  a  clock  or  watch,  may  seem  unnecessary,  yet  to  assist 
those  who  may  not  have  had  practice  in  this  way,  a  few  examples 
shaB  be  given.  The  canon  pinion  which  goes  spring  ti^t  on  the 
arbor  of  the  centre  or  second  wheel,  prolonged  a  little  above  the  sur- 
face of  the  dial,  carries  the  minute  hand  round  the  dial  in  an  hour. 
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If  the  number  of  teeth  or  leaves  that  it  contains  be  muhiplied  by  the 
number  of  teeth  or  leaves  in  tl^e  minute  wheel  pinion,  and  with  the 
product,  divide  the  product  of  the  hour  and  minute  wheels  multiplied  into 
one  another ;  the  quotient  should  then  be  12,  equal  to  12  revolutions  of 
the  canon  pinion  and  minute  hand,  or  one  revolution  of  the  hour  wheel, 
and  hour  hand. 

Suppose  the  canon  pinion  to  have  10  leaves,  and  the  minute  pi- 
nion 12,  these  multiplied  into  one  another  will  be  120 ;  in  this  case 
the  hour  wheel  must  have  36  teeth,  and  the  minute  wheel  40,  which 
multiplied  into  one  another  produce  1440,  and  this  divided  by  120 
gives  12  for  the  quotient,  equal  to  12  revolutions  of  the  minute  hand, 
and  one  of  the  hour  hand.  Taking  four  times  the  number  of  the 
canon  pinion,  will  give  that  of  the  minute  wheel,  and  three  times  the 
minute  pinion,  will  give  that  of  the  hour  wheel.  If  the  numbers  of  the 
two  pmions  are  assumed,  they  wUl  lead  to  the  numbers  of  the  two  wheels, 
unless  they  are  such  as  to  bring  in  fractional  parts  into  the  numbers  of 
the  two  wheels.  In  the  case  where  the  canon  pinion  is  10,  and  the 
minute  pinion  12,  their  product  120,  multiplied  by  12,  will  give  1440  ; 
tlds  divided  by  prime  numbers,  as  was  done  in  the  case  of  finding  num- 
bers for  the  wheel  teeth  in  movements,  will  give  divisors  when  right 
arranged,  to  produce  numbers  for  the  teeth  in  the  dial  wheels.  The 
divisors  of  1440,  are  five  20,  two  38,  and  a  5. 

2x2=4x8=12x3=36  (  N"*"^"  ^®^  *®  teeth  of  the  dial  wheels. 

Twelve  being  the  number  of  revolutions  of  the  canon  pinion  and  minute 
hand,  for  one  revolution  of  the  hour  wheel  and  hour  hand,  becomes  the 
constant  number,  by  which  the  product  of  the  canon  and  minute  pinions 
is  multiplied,  in  order  to  ascertain  numbers  for  the  teeth  of  the  hour  and 
minute  wheels. 

Let  the  numbers  assumed  for  the  canon  and  minute  pinions  be  12  and 
14,  these  multiplied  into  one  another  will  produce  168,  and  this  again 
multiplied  by  12,  the  constant  number,  wiU  give  2016,  whose  divisors  are 
live  28,  two  38,  and  a  7. 


2X2=4X2=8X2=16X3=48.  >  (Min. wheel. 

2X3=  6X7=42.  phe  number  of  teeth  for  the  I  jj^^^  ^^^^ 


If  14  was  taken  for  the  canon  pinion,  42  and  12  for  the  minute 
wheel  and  pinion,  the  hour  wheel  48,  the  ratio  would  be  the  same-— 
that  is,  12  to  1. 


tM  tte  ctiion  paubn  be  14,  and  ihb  minute  wheel  pinion  16 :  IU« 
the  numbers  for  the  teeth  of  the  minute  and  hour  idieeb  ? 


14x  16x  12=2688t  whoee  divisors  aie  Mven  2s  one  3^  and  a  7. 

2X2=4X2==  8X7=66  )  The  mimber  for  thst^eth  (  Mm.  wWl 
a  X  2=4  X2=S  X  2=16  X  3=48  J  of  the  \  How  dHto. 

Although  not  so  direct  a  method  as  breaking  the  number  down  by 
divisors,  it  maj  be  seen  that  2688  is  divisible  by  48  into  66,  or  vice 
vena.  When  this  is  obvious,  recourse  need  not  be  had  to  getting 
the  number  of  the  teeth  by  divisors. 

tn  the  case  of  a  common  eight-day  seconds  clock,  it  may  be  86en 
that  the  number  3840  is  divisible  by  60  into  64,  which  were  the  num- 
bers got  for  the  wheel  teeth  from  due  divisors  in  breaking;  it  down. 
But  where  a  number  is  high,  such  as  124416,  got  from  a  train  of 
17280,  it  requires  to  be  made  into  divisors :  The  wheels  here  are  64* 
48|  and  48,  whic^  when  multiplied  into  one  another,  will  givd 
124416,  and  this,  if  divided  by  64,  48,  and  48,  will  leave  no  re* 
toainder. 

Let  another  example  be  taken  for  dial  wheels,  where  die  canon 
pinion  is  18,  and  the  minute  wheel  pinion  is  20 :  THiat  must  be  tho 
numbers  for  the  teeth  of  the  minute  and  hour  wheels  ? 

18x20x12=4320.     The  divisors  are  five  2«,  Aree  ds,  and  a  five» 

2  X2=4  X2==8  X3=24  x3==72  \  i  Min.  wheel. 

2X2=4X3=12X6=60  /  ^^  n™berof  tcethforthe  |  Hour^itto. 

The  dial  wheels  which  are  used  in  the  Stogden  repeating  motion 
work  of  a  rfpeating  watch,  consist  of  a  lantern  or  canon  p^iion  of  4, 
leading  a  wheel  of  48,  on  which  is  the  hour  snail ;  concentric  with 
them  is  a  wheel  driving  the  hour  wheel,  both  being  of  the  same  dii^ 
meter  and  number,  which  is  usually  36  or  36.  The  dial  wheels  of 
a  common  eight-day  clock  are  somewhat  sinular  to  those  in  Stogden 
motions,  only  put  in  a  reverse  order.  Two  v^ieels,  of  equal  diame- 
ter and  number,  one  of  which  is  called  the  minute  pipe  wheel,  and 
has  place  of  that  of  the  canon  pinion,  the  other  is  the  minute  wheel* 
having  usually  a  pinion  of  6,  7,  or  8,  leading  the  hour  wheel,  of  12 
tiroes  the  number  of  teeth  to  that  of  the  pinion  leading  it,  which 
number  may  be  72,  84,  or  96,  according  as  the  minute  pinipnis6,  7^ 
or  8  ;  the  minute  wheels  have  usually  42  teeth  each. 

To  find  how  long  a  clock  or  watch  will  continue  to  go,  before  re» 
quiring  to  be  wound  up,  the  number  of  teeth  in  the  first  or  great 
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wheel,  and  the  number  of  the  pinion  which  it  driree,  must  be  known* 
The  number  of  teefli  in  the  great  wheel  of  the  going  part  of  a  conw 
mon  clock  is  for  the  most  part  96,  and  the  number  of  leaves  in  the 
centre  or  second  wheel  pinion  which  it  acts  in,  is  8,  and  makes  ono 
revolution  in  an  hour ;  so,  consequently,  it  must  make  12  revolutiona 
for  one  of  the  great  wheel,  as  96,  divided  by  8,  is  equal  to  12.  Two 
revolutions  of  the  great  wheel  is  then  equal  to  24  hours,  and  16  tuns  or 
revolutions  of  the  great  wheel  and  barrel  will  be  equal  to  8  days.  The 
diameter  of  the  barrel  must  depend  on  the  inside  length  or  height  of  the 
case  where  the  weight  fidls. 

In  a  common  watch,  the  number  of  leaves  in  the  second  or  centre 
wheel  pinion  is  12,  and  makes  one  revolution  in  an  hour,  the  num- 
ber of  the  great  wheel  teeth  which  drives  it  being  48 ;  for  one  revo- 
lution of  which  the  second  wheel  pinion  must  make  four,  equal  to 
four  hours,  the  great  wheel  turning  with  the  iusee  having  seven  and 
a  half  turns  of  a  spiral  groove  cut  on  it ;  7^-  being  multiplied  by  4, 
will  give  the  length  of  time  which  the  watch  will  go  before  it  requires 
to  be  wound  up.  7,  multiplied  by  4,  is  equal  to  28,  the  half  turn  is 
equal  to  two  more,  making  in  all  30  hours  that  the  watch  will  go  be- 
fore it  can  be  run  down,  or  require  to  be  wound  up ;  but  the  winding 
up  of  a  watch  is  done  regularly,  or  as  neariy  so  as  may  be,  at  the  ena 
of  every  twenty-four  hours,  being  a  more  regular  kind  of  period,  and^ 
at  the  same  time,  taking  the  power  of  the  main  idling  more  at  an  equatt^ 
offeree. 

Hours. 

Cor  the  clock  the  ratio  may  be  put  thus  96ji-8s=1«X  16=198  !«,... ^;.^ii.^ 

For  the  watch  the  ratio  may  be  put  thus  484.18=  4X7.5«  30  J  Th«  tune  it  will  go. 

When  a  clock  is  requked  to  go  a  month,  or  32  days,  it  must  have 
an  additional  wheel  and  pinion  to  that  of  the  eight-day  clock.  The 
centre  idieel,  (or  second  in  ordinary,)  becomes  the  third  wheel  in 
tte  movement  tn  32  days  there  are  768  hours,  and  to  find  the 
ft^miberB  for  the  teeth  of  the  great  and  second  wheels  for  a  clock 
l&go  that  time,  the  numbers  for  the  pinions  of  the  second  and  centre 
Wheeld  must  be  known,  and  the  number  of  revolutions  to  be  made  by 
the  great  ntlieel,  which  must  always  be  equal  to  the  number  of  turns  cut 
onthebatreL  If  we  assume  20  and  16  as  die  numbers  for  die  {Mnions^ 
and  16  for  the  revolutions  of  the  great  wheel  and  barrel,  each  turn  is 
then  equal  to  48  houi«,  we  can  from  these  get  such  a  number,  that, 
when  decomposed  into  ibctors  or  divisors,  will  give  sets  to  produce 
the  numbers  for  the  teeth  of  the  two  wheels.  The  rule  to  find  the 
number  to  be  decomposed,  is :  Multiply  the  pinions   into  one   ano- 
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tktTf  and  die  pfodnct  by  ii»  number  ai  boure  tbat  tbe  first  or  peat 
wbeel  takes  to  make  onerevolutioQ;  this  last  product  will  betbemim- 
ber  ubich  is  to  be  decomposed. 

a0xl6x48ssl^360.    The  divisors  are  ten  20,  one  8,  and  a  6. 
3X2^4  XS=;8x2siax2—32x2s64X2sl28 

2x9s  4x2-1  8x3s24x6sl20 

The  number  120  may  be  taken  for  the  teeth  of  the  great  wheel»  and 
128  forthoseinthe  second  wheel:  asaproof,  let  the  nnmhor  1M90 
be  divided  by  any  one  of  the  numbers  128  or  120,  it  wiB  sb»w  teeif. 
15860-l-128»120. 

Let  the  numbers  assumed  of  tiie  two  pinions  be  24  and  20,  the  re- 
volutions of  the  great  wheel  and  barrel  16,  each  being  equal  to  48 
hours,  the  time  which  the  clock  most  go  is  then  32  days :  hence  to 
find  the  numbers  for  the  teeth  of  the  great  and  second  wheels  T 

24  X20  X48»28040.     The  divisors  are  nine  2«,  two  3b,  and  a  6. 

SX8Xs48«8XS==16X3^48XS»144  I  The  numberfbr  tbe  teeth  (  Qreat  WIimL 
2»S>.4Xa«:«X83>a6XS»3SX5al60  i  of  the  (  Second  wheeL 

No  ckick  ought  to  go  longer  than  a  month,  or  32  days ;  yet,  if  it 
is  leipived  to  make  one  go  fi>r  six  months,  or  200  days,  the  centre 
wheel,  in  a  movement  fit  for  this  purposov  will  become  the  fourth 
whed.  To  find  the  number  for  the  teeth  of  the  three  wheels,  assume 
9(K  1^  and  12,  for  the  numbers  of  the  three  pinions,  the  barrel  hav- 
ing 16  turns,  to  find  the  time  for  one  revolution  of  it  and  the  great 
ndieel:  200  days,  divi^d  by  16,  the  turns  on  the  barrel,  will  jgive 
twelve  days  and  a  halfiR  each  revolution  of  the  great  wheel;  twelve 
anda  half  days,  reduced  to  hours,  will  give  300  hours  for  each  revo- 
lution of  the  first  or  great  wheel ;  300  hours  being  multiplied  by  the 
product  of  the  pinions  multiplied  into  one  another,  will  give  such  a 
numbw,  when  decomposed  into  factors  or  divisors,  that  sets  of  them 
may  be  obtained  to  represent  the  numbers  required  for  the  teeth  of  the 
4iree  wheels? 

90xl6xl2x300»1162000.    The  divisors  are  ten  2>,  two  30,  and 

three6>. 

2x2:b4x2«8x2=16x6=:  80 J  (Great  wheel. 

2x2=:4x2:sSx3a24x5=120  T  Thenumberfor  Uie  teeth  J  SecondwfeeeL 

2x2=4x2=8 X3«24X6«120J  '^^  (  ^1«  «bs«*- 
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As  a  proof  of  the  operation,  divide  1152000  hj  80,  and  the  quotient  by 
120,  the  next  quotient  will  be  120. 

As  in  the  last  example :  a  clock  with  three  wheels,  going  200  days, 
Ond  the  barrel  making  a  revolution  in  300  hours.  Suppose  it  was  re- 
solved to  have  4iis  performed  by  two  wheeb  and  two  piivons,  one  of 
12,  andthe  other  oflO:  Required  the  numbers  for  the  teeth  of  the  two 
iriieebt 

12  X 10  X  300ai36000.    The  divisors  am  five  28,  two  3b,  and  three  5«, 
3X2a4xds:12X3=36x5ssl80  \  The  aumber  for  the  (  Great  Wheel 
2x2=4x2bs    8X5»40X6=200  j  teeth  of  the  \  SecondWheel- 

"What  are  called  month  clocks,  are  supposed  to  be  wound  up  on 
the  first  day  of  eveiy  month,  for  which  reason  they  are  commonly 
made  to  go  32  days,  or  a  very  httle  longer.     It  maybe  said  that  it 
is  not  easy  to  remember  or  attend  to  die  first  day  of  eveiy  month,  by 
this  day  having  (or  falling  on)  no  regular  or  fixed  day  of  the  week, 
and  that  it  would  be  better  if  the  clock  was  made  to  go  so  as  the 
winding  up  could  be  done  on  the  first  Saturday,  Sunday,  or  Monday 
of  the  mondi,  which  at  first  sight  seems  to  have  some  sort  of  order  in 
it ;  but  the  intervals  in  this  way  are  of  veiy  difierent  lengths :  four 
of  these  would  consist  of  36  days  each,  and  eight  of  them  of  28  days 
each ;  therefore,  in  order  that  the  clock  may  suit  this  kind  of  wihding 
up,  it  would  require  to  be  made  to  go,  at  the  shortest,  36  days ;  this 
hoover  would  be  lessening  the  force  in  the  inverse  ratio  of  36  to  32. 
An  astronomical  clock,  or  regulator,  to   go  32   days,  will  be   after- 
wards  described.    In  making  one  to  go  36   days,  we  must   have 
a  great  wheel  of  a  higher  number,  and  J|e  barrel  a  little  less   m 
diameter.    To  make  a  clock  go  36  days,  many  ways  may  be  adopt- 
ed: the  following    id  perhaps  as  good  a  plan  i^  any:    Suppose  the 
case  for  this  clock  to  be  in  lengdi,  from  the  inside  of  the  bottom 
to  the  centre  of  the  dial,  5  feet  4.7  inches,  the  pulley,  if  the  seat- 
board  is  of  cast  iron,  will  come  within  4.6  inches  of  the  centre  of  the 
dial,  (one  of  the  sides  of  Its  square  being  12  inches,)  and  allowing  8 
inches  for  the  length  of  weight   and  pulley,  will  make  12.6  inches  to 
be  taken  from  6  feet  4.7  inches,  leaving  4  feet  4.2  inches ;  and,  as 
the  clock  goes  with  a  puDey,  the  double  of  this  is  8  feet  8.4  inches,, 
or  104.4  inches.    If  we  divide  104.4  by  17.6,  the  number  of  turns 
proposed  to  be  cut  on  the  barrel,  it  will  give  6.96  inches  for  each 
turn,  which  is  so  near  to  6  wcho^  that  we  may  take  it  for  the  cir^ 
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eumfeieiioe  of  the  berrd,  the  dmineter  by  the  oommon  pioportioD ; 
865  to  113  will  dien  be  found  to  be  m  near  aa  possible  1.91  inch. 
In  rigid  calcokdoD,  the  dianieter  1.91   must  be  leaaened  by  the  diap 
meter  of  the  gut,  auppoaed  here  to  be  .060  of  an  inch ;  thia,  taken 
from  1.91,  leaves  1.800;  but  aathe  groove  or  acrew  whiehiscutoa 
the  barrel  for  the  gut  to  lap  round  on  it,  diminiahea  the  diameter, 
whatever  this  ia  moat  be  added  to  1.6<I0 ;  ti^e  one  third  of  the  diame- 
ter of  the  gut  for  this,  which  ia  .016,  and  this,  added  to  1.860,  makes 
1.876.    The  diAronce  between  \M  and  1.876,  iaaolitde  aatobe 
of  no  oonsideration  ;  it  is  now  however  on  the  aafer  aide. 
'    The  lengdi  of  the  bane^  between  the  ends  may  be  determined  thus  ^ 
The  diameter  of  the.  gut  being  taken  at  .060,  multiplied  by  17.6,  the 
number  of  tnnis  proposed  to  be  cut  on  the  barrel,  will  give  .876  of  an 
inch ;  this  allows  no  fieed<mi  for  the  gut  to  lay  on  the  barrel ;  there- 
f<Me,  to  have  some  degree  of  freedom,  let  the  diameter  or  room  which 
the  gut  ought  to  have,  be  taken  at  .070;    this  being   multiplied  by 
17«6,  the  product  will  be  1.226  inch  for  the  length  of  the  barrel  be- 
tween the  ends,  which  is  so  near  1.26  inch,  that  it  may  be  taken  for 
die  hmgth.    If  the  great  wheel  is  to  have  160  teeth,  and  that  they 
ahouM  have  the  same  strength  as  those  in  the  wheel  144  teeth  in  the 
first  plan,  the  diameter  must  be  8667,  say  8  inchea  6  tenths,  and  .67 
of  one  tenth  of  an  inch  ;  the  great  iiiieel  here,  in  place  of  going  round 
in  48  hours,  as  by  the  wheel  of  144,  will  require  60  hours ;  and  50, 
muhiplied  by  17.5,  the  number  of  turns  on  the  barrel,  will  give  876 
hours,  (Mr  36  days  11  hours,  for  the  weight  to  ftll  before  it  can  be 
wholly  run  down  in  the  case.     17.3  turns  is  equal  to  36  days ;  the  jmu- 
ions  being  24  and  20,  and  the  time  of  one  revolution  of  the  barrel 
being 60  hours,  from  these  maybe  deduced  numbers  (or  the  wheel 
teeth. 

24x20x60b=:2400.    The  divisors  are  six  2s,  one  3,  and  three  6«. 

2X3=  6x6<5:30x6=a:160  )  Tbenumberfor  i  Great  wheel. 
2x2sai4X2sss8X2sBl6x2a32x6=160  )  the  teeth  of  the  \  Secondwheel. 

Spring  clocks  have  seldom  been  made  to  go  loiiger  than  eight  days, 
yet,  by  judicious  arrangement  of  the  wheels,  they  could  be  made  to  go 
a  month,  or  longer,  if  such  a  thipg  was  wanted.  The  great  wheels  are 
commonly  made  smaller  in  diameter  than  what  they  ought  to  be,  (con- 
sequendy  the  teeth  are  too  fine,)  having  96  teeth  acting  into  a  pinion 
of  8 ;  enlarging  the  ^diameter  would  no  doubt  require  larger  frame 
plates,  which  might  easily  be  jEidopted.  The  disadvantages  attending 
first  or  great  wheels  of  a  small  diameter,  are,  the  force  of  the  main 
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spring  aoiiiig  itaMigiy  »^  tatMy  in  •  pildmigt  «4i«ve  (ke  toelb  Ibave 
ao  great  deftt  of  hold  on  the  pinion;  andkicaMeof  HiefiieeedHua*. 
got,  or  spring  breakingi  tbe  eudden  jeik  backwacds  of  tbe  p»at  vriiM 
is  Ae<|nentl7  apt  to  break  not  only  Urn  aeoond  y/kfid  fma^  but 
alao  to  Mp  the  gieat  wiMfil  of  anme  of  its  taeOu  The  foree  of 
Ae  apring  m  a  apringiclock  baxrd»  ia  graator  tkan  that  of  Ihe  wei^ 
uauaHy  hung  Oft  ateammon  ei^^lit^jr  dockai  vboae  great  ivheel  leelh 
are  ataponger  ten  thoae  of  the  great  wbeda  in  fining  dock*,  which 
aieYli9wef«r,«oBniionlf  madea  litde  thieker  thaadie  otben,  for  the 
purpoae  of  giving atnogth  to  the  leefli;  jetthiB  ia  not  akogeter  add- 
quatototfae  end  required.  The  length  of  ehaia»  orgut*  vUeh*  measur- 
ed or  l^pedround  aiuaee  of  16  tmiui,  when  applied  loiaid  the  bairel» 
meaBureaaixtnniaand  three ipuvten <»  ityahotratet  the spiing oQi^t 
to  make  about  nine  (una  and  a  quarter  ia  the  banel,  which  will  al- 
low to  aet  up  (or  bend  up  Ihe  apiing  aa  it  ia  caUed*)  one  tum«  or  one 
turn  and  a  faalft  leaving,  what  ia  little  enough*  one  turn  unbent,  in  or- 
der not  to  atrain  the  apringf  which  might  cauae  liak  of  brealoog  it. 

In  flat  watches,  the  movement  cannot  admit  the  hei^  of  te  fuaee 
tohatveae^Fan  toma  anda  hdf  onityasin  the  common  soitt  becauae 
Aiswoukl  require  the  fuaee  diain  to  be  so  thin,  that  it  would  not  have 
.Btrength  to  resist  the  fijTce  of  the  main  spring,  and,  therefore,  liable  to 
lie  broke,  a  circumstance  whidi  from  this  cause  very  frequently  takes 
{dace;  therefore,  to  prevent  such  accidents,  a  less  number  of  turns, 
such  as  five  or  six,  should  be  cut  on  the  fiisee,  so  as  to  allow  as  strong 
«  diain  as  may  be.  The  second  wheel  pinion,  in  {dace  of  being  one 
of  12,  might  be  of  a  less  number,  and  diat  oi  ibid  great  wheel  increas- 
ed, in  order  that  the  watch  may  go  30  hours  before  being  run  down;  or, 
if  the  pinicm  is  required  to  be  one  of  13,  this  will  require  the  number  of 
the  great  wheel  teeth  to  be  still  more  increased. 

Suppose  the  second  or  centre  wheel  pinion  to  be  12,  and  die  fusee 
to  have  six  buns  and  a  half  cut  on  it:  Required  the  number  of  teeth 
for  die  great  ^dieel,  so  t^ithe  w^tchwill  go  80  hours?  Take  the  pro- 
portion of  the  common  watoh,  where  the  frisee  has  seven  toms  and  a 
half,  the  great  wheel  48  teeth,  and  the  pinion  12,  which  is  the  same 
as  in  the  example  taken,  and  say,  as  6.6  :  7^,5  ::  48  to  the  number  of 
teeth  required,  it  is  evident  that  a  greater  number  than  48,is  requir- 
ed, so  that  48  must  be  multiplied  by  7.6t  and  divided  by  6.6,  the 
iquotieat  will  be  fcund  to  be  nearly  65.4,  as  a  number  for  the  teeth  of 
die  great  adieel ;  but  this  being  a  fractional  number,  and  impracticap 
hie  in wiieel  teedi,  d^  great  wheel  maybe  made 66;  this,  divided  by 
the  pinion  19,  will  ^e  for  quotient  4.66  hours  for  one  revojjjition  of 
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tegmt  iwlMd;  vAmnikmmvaMiJiM  hfS.6ta^  ande bjrihe gMat 
t»lMi  and  ftMOiittiai  gtm  WM  homfor  Hmtixm  dnidie  watcb 
iriUgow 

TbvimiBber  ftrtefMSt  iiteeltMlh  majbefooid  bywmalkarwvf. 
mwfeever  is  die  ftnaberof  Ium  ptopoied  fiir  HwftBaa  to  lutve,  bf 
It  dhride  80,  the  number  of  hoon  which  h  is  intended  the  watch  ahatt 
rant  the  quotiant  will  be  such  a  number*  dMt  when  the  number  of  the  aec^ 
coA  wheel  piaioii  is  muliqpfied  by  iti  the  product  wiD  be  the  nnnber  fiar 
tiie  teeft  of  die  great  wheel.  Foreamaairfe,  let  dlemnnberof  tomaoB 
the  foaee  be  6,  and  die  number  of  the  aecond  idled  pinion  14:  te  find 
die  nmidter  ofteedidiat  the  greet  irtieel  muat  hsfOi  aeaetbe  wateb 
0Dul  gOuustf  houra  f 

80*4*6s:6xl4ss70t  the  nomber  of  teedi  wfaidi  die  great  wheel  aauirt 
have* 

IFit  18  piopeaed  for  die  aecond  wheel  pinion  to  be  10,  and  the  fiiaeai 
tohBve6tuma:  What  ii  the  immber  of  teeth  that  die  great  wheel  oiq^ 
to  have,  ao  as  die  watch  idiaO  go  80  hours? 

d0-«*6s6xl0«ii60.    The  number  of  leedi  for  die  great  wfaeeL 

The  fiisee  to  have  6  tuna,  the  aecond  wheel  pinion  10:  Required  the 
number  for  die  great  wheel  teedit 
80H-5iiB6xlOs:6a    The  namber  for  die  teedi  of  the  great  wheeL 

"When  flat  watches  have  been  required,  the  movement  is  aometimee 
made  without  a  (usee,  and  in  its  phce  ia  introduced  a  large  toothed 
baixel,  in  order  to  admit  of  a  thick  and  auflSdendj  atrong  springy  the 
barrel  having  a  great  number  of  teedi,  and  the  centre  wheel  pinion  a 
small  number;  so  as  that  the  spring,  the  barrel  teeth,  and  the  aecond 
or  centre  wheel  pinion,  maj  contribute  aa  much  as  poaaible  to  give 
the  watch  an  equable  power  during  the  time  of  running  out  the  80 
hours  or  a  litUe  more.  There  is  an  economy  (if  the  expression  ma|r 
lie  used,)  made  with  the  main  apring,  by  means  of  a  fosee,  which 
makes  eveiy  part  of  the  ^ring  more  effective,  than  where  a  fiiaee  is 
wanting. 

A  few  more  damples  may  be  given  to  find  die  numbera  for  the  great 
wheel  teeth. 

It  is  proposed  that  the  fuseeis  to  have  7  turns,  the  second  wheel  pinion 
16,  and  that  the  watch  shall  go  80  faoura:  Required  the  number  of  the 
teedi  for  the  great  wheel  ? 

The  hours  30,  being  divided  by  7,  the  proposed  number  of  turns 
for  the  fiisee,  the  quotient  is  4.8  nearly;  16,  the  nundier  of  the 
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oond  wkeal  pimon,  being  multiplied  by  it,  gives  68.8  Iw  the  number 
for  the  great  wheel  teeth;  but,  being  a  firactiooal  number,  it  cannot 
be  used  as  a  number  for  ^eel  teeth.  The  wheel,  however,  maybe 
cut  68,  69,  or  70,  as  either  of  th^n  will  be  near  enough.  dO-H7r=:4.3 
X  16=68.8,  which  may  be  called  69,  for  the  number  of  the  great  wheel 
teeth. 

The  fusee  to  have  6i  turns,  the  second  wheel  pinion  to  be  14,  and 
the  watch  to  go  30  hours :  Required  the  number  for  the  great  whed 
teeth? 

30  hours,  divided  by  6.5,  the  turns,  the  quotient  is  4.616  nearlyt 
which,  being  multiplied  by  14,  the  pinion,  gives  64.624  for  the  wbeel 
teeth;  66,  or' 66,  may  then  be  taken,  as  64.624  is  a  fractional  number. 
30-^-6.6=4.616  X  14»64.624. 

In  a  box  chronometer,  where  depth  of  room,  and  great  height  of  fusee 
can  be  easily  got,  let  the  fusee  have  10  turns,  a  second  wheel  pinion  of 
20,  and  the  time  required  it  should  go  before  being  run  down,  40  hours : 
Required  the  number  of  teeth  for  the  great  wheel  1 

40-f-10=4  X  20=80.    The  number  of  teeth. 

In  a  box  chronometer,  the  fusee  to  have  8  tunis»  the  second  wheel  pin- 
ion 18  leaves,  and  the  time  it  must  go,  40  hours :  Required  the  number 
of  teeth  for  the  great  wheel  ? 

40-1-8=6  X  18bs90.     The  number  requiied* 

Box  chronometers  are  sometimes  required  to  go  eight  days^  a  length 
of  time  by  no  means  in  their  favor ;  and  some  address  is  required  to 
plan  out  a  movement  of  this  sort,  so  as  it  shall  be  well  suited  for  the 
purpose.  As  in  an  ei^t  day  spring-clock,  the  fusee  may  have  16 
turns,  the  great  wheel  96  teeth,  and  the  second  wheel  pinion  8 
leaves,  which  will  make  it  run  eight  days ;  but  it  would  be  better  to 
have  two  wheels  in  place  of  one,  and  two  pinions,  each  of  a  greater 
number  than  that  of  S.  The  hours  in  eight  days  are  192,  which,  di- 
vided by  12,  the  proposed  number  or  turns  for  the  fusee  and  great 
wheel  to  make,  will  give  16  hours  for  each  revolution ;  the  pinions 
being  assumed  at  24  and  20 :  Required  the  numbers  for  the  teeth  of 
the  great  and  intermediate  wheels? — Observe,  that  the  intermediate 
wheel  is  the  second,  the  centre  or  second  wheel  in  common  now  be- 
comes the  third. 

The  product  of  the  pinions  multiplied  into  one  another,  being 
multiplied  by  16,  the  hours  for  one  revolution  will  give  suchanun^* 
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bert  dwtf  wfien  decomposed,  the  divisors  can  be  formed  into  sets  te 
the  numbers  of  the  teeth  required  in  the  two  wheels. 

d4x20x  16=:7680.    The  divisorB  are  nine  2^  one  3,  and  a  6« 


2X2»4X8»  8X2==16X3=«0  ^The  nuoberfcr  J  .^J^^i^J.^^ 
2x2=:4xa=8x2=16x2=32x6=96  I  the  u^^ofihe^''^'^"^}'^ 

The  preceding  Rules  and  examples  given  of  them,  it  is  presumedf 
may  be  of  some  use  to  either  the  clook  or  watch  movement  maker* 
When  movements  come  into  the  hands  of  the  finisher^  the  wheels  and 
pinions  are  made;  therefore,  a  few  examplee,  although  very  sinqi^lef 
shall  be  given,  in  order  to  know  what  are  the  numbers,  required  to  be 
cut  on  a  watch  or  clock,  fusee,  or  barreL  In  a  watch  movement,  the 
great  wheel  having  60  teeth,  and  the  second  wiieel  pinion  10 :  Required 
the  number  of  turns  to  be  cut  on  the  fusee,  so  as  the  watch  may  run  30 
hours?  .  The  great  wheel  60,  divided  by  the  pinion  10,  the  quotient  is 
6 ;  and  30,  divided  by  6,  gives  5  for  the  number  of  turns  required.  For 
60-f-10b=6,  and  30-i-6=6. 

The  number  of  turns  which  a  spring  should  make  in  the  barrel,  de- 
pends on  the  number  of  turns  made  on  the  outside  of  the  barrel,  measur- 
ed by  the  length  of  chain  ^i^ch  fills  the  groove  on  the  fusee* 

Suppose  a  chain  which  fills  the  fiisee  measures  four  turns  on  the  bar- 
rel, then  the  spring  ought  not  to  make  less  than  six  turns  in  the  barreL 
If  the  chain  which  fills  the  fusee  measures  three  and  a  hallT  tni^  on  the 
barrel,  the  spring  should  make  about  five  turns  in  the  barrel.  Having 
met  with  some  who  are  bred  to  the  business*,  as  they  saidt  yet  did  not 
know  even  this  plain  and  simple  rule,  which  may  stand  as  an  apology  for 
its  insertion  here* 

The  train  of  the  striking  and  quarter  parts  of  clocks  may  now  be 
taken  into  consideration,  as  well  as  that  of  the  runnersy  as  they  are  call- 
ed by  the  movement  makers,  that  is,  the  wheckin  the  repeating  parts  of 
watch  and  clock  repeaters. 

The  striking  part  in  an  ordinary  eight-day  clock,  has  84  teeth  in 
the  great  wheel,  56  in  the  pin  wheel,  48  in  the  tumbler  wheel,  and 
42  in  the  fly  wheel ;  the  pinions  are  one  of  8  for  the  pin  wheel,  one 
of  7  for  the  tumbler  wheel,  and  two  of  6  each  for  the  fly  wheel  and 
fly.  The  fly  here  makes  66  revolution!^  fbr  every  blow  of  the  ham- 
mer, and  eight  blows  for  every  revolution  of  the  pin  wheel,  which  baa 
eight  lifting  pins  in  it,  while  the  tumbler  wJbeel  makes  one  for  every 
blow.      The  tumbler  and  fly  wheeb  beuig   multiplied   together,  and 

6 
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tiie  product  divided  by  the  product  of  the  fly  and  fly  wheel  pinioiMi 

multiplied  into  one  another,  the  quotient  will  be  66,  for  — ^ —  =  66^ 

6x6 

the  number  of  turns  which  the  fly  makes  for  every  blow  of  the  ham- 
mer. In  common,  the  great  wheels  have  been  made  with  84  teeth,  in 
case  of  the  clock  when  made  to  repeat  or  strike  the  hour  'vi^ch  it  last 
struck;  and  this  was  done  to  prevent  the  striJdng  part  from  running 
sooner  down  than  the  going  part  But  when  die  clock  is  allowed  to 
strike  only  of  itself,  a  wheel  of  84  is  not  necessary,  providing  the  bar- 
rels in  both  the  going  and  striking  parts  are  made  of  equal  diameters. 
The  number  of  blows  given  in  12  hours  is  78,  for  if  the  first  blow  1 
at  the  one  o'clock  hour,  is  added' to  12,  the  number  of  blows  given  at 
the  twelve  o'clock  hour,  the  sum  will  be  13,  and  this  multiplied  by 
12,  flie  number  of  times  the  hours  are  struck,  the  half  of  this  sum 
will  be  the  number  of  blows  struck  by  the  hammer  in  twelve  hours. 
For  12+1=13  xl2=156-=-2=78,  or  6i  taken  as  a  mean  term  to  1 
and  13 ;  then  12  multiplied  by  6i  will  give  78. 

The  great  wheel  then  may  have  78  teeth,  the  pin  wheel  pinion 
which  it  drives  being  8,  the  wheel  having  8  pins  for  raising  the  hammer 
tail,  it  will  be  seen,  that  the  pin  wheel  must  raise  the  hammer  tail  78 
times  for  one  revolution  of  the  great  wheel.  The  great  wheel  78  b^ 
fng  divided  by  the  pin  wheel  pinion  8,  the  quotient  will  be  9^,  the 
number  of  turns  and  parts  of  a  turn,  which  the  pin  wheel  makes  for 
one  revolution  of  the  great  wheel,  which  multiplied  by  8,  the  number  of 
pins  in  the  pin  wheel,  the  sum  will  be  78 :  For  ^^=^9.75,  and  9.75  X  8 
=:78.  The  advantage,  though  not  very  great,  is  on  the  side  of  the  wheel 
of  78,  in  the  inverse  ratio  of  84  to  78. 

The  wings  or  vanes  of  the  fly  by  resisting  the  air  in  its  revolutions, 
tend  to  regulate  the  motion  of  striking  wheels  when  lifting  the  ham- 
mer, otherwise  there  would  be  an  acceleration  when  striking  the  long 
hour,  (twelve,)  as  it  is  called,  which  would  easily  be  perceived  by  the 
ear.  The  wings  of  the  fly  are  commonly  made  too  thin ;  were  they 
to  be  made  thicker,  it  would  give  the  fly  a  degree  of  momentum  to 
cany  forward  the  "wheels  a  little,  in  case  of  any  temporary  resistance 
from  thick  oil  or  such  like ;  and,  in  order  that  the  fly  should  act  both 
in  resisting  the  air,  and,  at  the  same  time,  to  have  a  tendency  to  cany 
the  wheels  forward ;  the  fly  pinion  in  its  size  should  be  made  a  mean, 
to  that  of  driving  and  being  driven.  When  nicety  is  aimed  at,  the 
train  of  the  wheels  should  be  reduced,  and  the  wings  of  the  fly  a  good 
deal  extended,  making  its  revolutions  outside  of  the  frame,  placed  com* 
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IB011I7  bdyml  the  pSkur  phto^  as  is  sometimee  done  with  the  fi^,  to 
music  or  quarter  parts,  Mmitiiig  the  number  of  revolutions  to  ten  or  a 
dozen*  or  a  very  little  more,  (in  place  of  66)  for  eveiy  blow  of  the 
hammer.  In  turret  docks,  we  have  reduced  the  revduticms  of  tiie 
fly  to  three  or  four  for  eveiy  blow  of  the  hammer. 

Striking  parts  can  be  regulated  by  means  of  an  escapement  and  a 
penduhmi,  tiie  teeth  of  the  wheel  which  lifts  the  hammer  tail  serving  for 
scaping  with  the  pallets,  no  train  of  wheels  and  pinions  being  beyond 
that  of  tiie  lifting  wheeL  A  Ufler,  having  at  one  of  its  ends  a  spring 
jointed  piece  (or  nags-head  joint),  which  locks  the  pendulum  by  the  end 
of  the  rod,  when  the  lifter  is  dischaiged  at  the  hour,  and  foiling  down* 
it  gives  liberty  for  the  pendulum  to  vibrate  while  the  clock  is  striking ; 
at  the  last  blow  of  the  hammer,  the  lifier  being  raised  up  whem  the 
pendulum  is  very  near  the  extremity  of  its  vibration,  it  passes  tiie  nags- 
head  joint,  but  in  returning  it  is  locked  and  cannot  pass,  until  the  hour 
ia  again  at  the  discharging  of  die  lifter. 

The  mechanism  required  here  may  be  greater  perfaiqM  than  any 
advantage  diat  can  be  gained  by  it  Reducing  the  train  of  the  wheels 
as  much  as  may  be,  and  giving  extension  and  momentum  to  the  fly,  ap- 
pear to  be  the  best  means  to  regulate  the  striking  parts,  and  lessen  the 
influence  of  oil  on  the  pivots ;  where  the  train  is  great,  and  cold  wea- 
ther thickening  the  ofl,  clocks  and  repeating  watches  are  very  apt  to 
strike  so  slow,  that  it  becomes  tiresome  to  attend  to  the  number  of 
blows  which  are  to  be  made.  Adopting  in  comm<m  ei§^itpday  clocks 
a  prindple  very  proper  for  a  hammer-head  in  steeple  clocks,  but  very 
improper  in  the  former,  (as  has  been  found  by  experience,)  that  is,  by 
giving  a  massy  head  to  the  hammer,  the  consequence  of  this  is,  that 
in  cold  weather,  common  clocks  are  found  to  strike  very  slow ;  on  re- 
ducing the  weight  of  the  hanuner-head  one  half,  the  efiect  of  this 
on  the  striking,  particulariy  in  cold  weather,  is  greatly  to  its  ad- 
vantage. 

Since  the  old  locking  plate  and  count  wheel  method  was  given  up, 
the  locking  of  the  striking  of  a  conlmon  eight-day  clock  has  general- 
ly been  done  by  means  of  a  tumbler  tail,  pressing  on  a  pin  fixed  b^ 
hind  the  rack  on  one  end  of  its  arch,  the  tumbler  being  put  on  by 
means  of  a  square,  on  a  thick  pivot  of  the  tumbler  wheel  pinion  squared 
for  this  purpose,  and  when  not  well  fitted,  the  tumbler  was  apt  to  get 
loose  and  sometimes  drop  from  its  place.  There  was  even  some  nicety 
required  to  make  the  pressure  of  the  tumbler  on  the  pin  in  the  rack, 
00  that  the  force  of  the  striking  wei^t  on  the  tumbler  wheel,  should 
not  make  the  tumbler  bear  too  hard  on  the  rack  pin,  and  consequently 
make  the  rack  tooth  bear  equaUy  so  on  the  nose  of  the  rack  catch. 
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When  the  tumbler  pressed  in  this  way,  it  made  the  discharge  of  the 
striking  require  more  force  than  was  proper.  On  the  other  hand,  if  the 
tumbler  rested  in  such  a  manner  on  the  rack  pin  as  not  to  press  iU  as  it 
were  in  some  degree  from  it,  in  this  case  the  rack  sometimes  did  not  fall, 
and  then  no  striking  took  place,  or,  if  any  did,  it  was  only  by  giving  a 
single  blow. 

To  prevent  such  occurrences  in  future,  we  made  the  pivot  of  the 
tumbler  wheel  smaller,  and  fitted  the  tumbler  on  by  a  round  in  place 
of  a  square,  having  no  tail  to  it,  the  locking  now  being  by  a  pin  in 
the  fly  wheel,  pressing  veiy  gently  on  a  jMece  fixed  to  the  inside  of 
the  arm  of  the  rack  catch ;  a  like  piece  was  fixed  to  one  end  of  an  arm 
of  the  discharging  lifter,  a  httle  behind  the  other,  so  as  to  give  some 
room  for  warning  when  at  this ;  on  the  lifting  arm  dropping  off  firom 
the  pin  in  the  minute  wheel,  the  pin  in  the  fly  wheel  at  this  instant 
got  free  or  discharged,  and  the  striking  went  on  till  the  locking  of  the 
fly  wheel  again  took  place.  The  first  opening, .  or  space  for  teeth  in 
the  rack,  was  made  somewhat  deeper  than  the  rest,  so  as  the  rack  catch 
when  falling  into  it  at  the  close  of  the  striking,  might  get  down 
enough  with  its  piece  to  catch  the  pin  in  the  fly  'n4ieel  and  lock  it ; 
the  other  spaces  betiyeen  the  rack  teeth  being  less  in  depth,  kept  the 
rack  catdk  and  its  locking  piece  so  much  up  during  the  striking,  as 
fUevented  die  pin  in  the  fly  wheel  from  interfering  with  it  This 
mode  of  looking  a  striking  part  will,  on  the  whole,  be  found  safe,  sure, 
and  easy.  Reducing  the  train  of  striking  parts,  we  have  long  insisted 
on  and  practised,  having  brought  the  train  of  repeaters  down  from  above 
6000  (at  which  many  were  made)  to  2000,  and  even  to  1200,  or  1000, 
with  success.  What  a  labor  the  fly  pinion  had  to  perform  in  those  high 
trains !  making  above  300  revolutions  for  every  blow  of  the  hammer, 
which  might  have  been  efiected  with  one  third  of  the  number.  Julien 
le  Roy  had  good  reason  for  reducing  the  train  so  low  in  number,  as  to 
find  it  was  necessary  at  last  to  bridle  it  by  means  of  a  'scapement ; 
this  was  certainly  an  ingenious  contrivance,  and  from  which  there  is 
no  doubt  ftat  M.  Berthoud  took  the  idea  of  bridling  the  striking  part  of 
a  clock  also  by  means  of  such  an  escapement  and  pendulum  as  has  just 
now  been  described. 

The  train  of  the  runnings,  (that  is  the  wheels  and  pinions  which 
serve  for  the  repeating  pfoi  of  a  repeating  watc];^)  when  carried  to  a 
hi^  number,  must  necessarily  require  a  considerable  portion  of  the 
force  of  the  repeating  main  spring  to  turn  the  wheels  and  pinions^ 
independent  of  that  required  to  lifl  the  hour  and  quarter  hammers: 
lience  the  feeble  blows  given  by  many  of  our  repeating  watches.  Com^- 
jfSife  the  6050  revolutions  made  by  the  fly  pinion  for  one  turn  of  the 
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first   wheel,  with  that  of  another,  where  the  last  wheel  which  is  a 
'flcapemenl  one,   makes  only  147fH  revolutions.     The  nmnings  oi 

the  one  were  ^X86x3ax38x30  _  ^q^q^  ^^  number  of  turns  made 

6X6X6X6X6 

by  the  fly  pinion.     The  runnings  of  the  other  were — - —  = 

"^^  7x7x7 

147ftf  y  the  number  of  revdutions   made  by  the  'scapement  wheel 

which  had  15  teeth,  the   double  of  which  is  80,  and  d0xl47ff(s 

6433^^,  the  number  of  beats  made  by  the  pallets. 

Our  r^ieating  movement  makers  have  of  late  got  into  the  way  of 
making  the  ratchet  teeth  of  the  arbor  of  the  first  wheel  of  the  ruii> 
nings,  in  the  reverse  order  to  what  they  ought  to  be,  and  this  seems 
to  have  caused  the  repeating  motion  maker  to  introduce  an  interme- 
diate pinion  or  wheel  between  the  rack  and  the  pinion,  which  is  on  a 
square  on  the  arbor  of  the  first  wheel  in  the  Stogden  motions,  which 
takes  away  fitim  the  good  e&ct,  which  the  rack  would  otherwise  have 
did  it  operate  solely  with  the  pinion  on  the  ratchet  arbor. 

In  repeating  movements,  where  the  repeating  banrel  is  made  witti 
a  ratchet  edge  on  the  lower  end  (as  it  may  be  called,)  the  barrel  let 
through  the  potence  plate  from  outside,  the  ratchet  edge  being  sunk 
in  it,  having  a  click  and  spring  fixed  on  the  potence  plate  so  as  to 
act  with  the  ratdiet  edge,  a  bar  across  the  barrel,  and  its  ratchet  edge 
is  screwed  on  the  potence  plate  and  keeps  the  barrel  in  its  place,  just 
allowing  it  to  have  freedom  to  be  set  about  by  means  of  the  ratchet 
^dge«  This  is  a  contrivance  iriiich  is  neat,  ingenious,  and  oonveni* 
ent,  as  by  it  the  repeating  spring  can  be  set  up  any  part  of  a  turn 
that  should  bo  requisite  without  interfering  with  the  motion  work. 
Where  a  pinion,  or  a  pulley,  is  put  on  the  ratchet  arbor  with  a  square* 
they  require  to  be  taken  firom  oflT  the  square,  and  besides  interfering 
with  the  motion  work  this  way,  a  turn  is  the  least  quantity  that  the  repeat-^ 
ing  spring  can  be  set  up. 

The  following  are  trains  for  a  three  part  spring  clock,  or  quarter 
clock,  as  it  is  called.  For  the  great  wheel  of  the  going  part,  120 
teeth,  second  wheel  100,  and  the  pinion  10,  third  wheel  100,  and  the 
pinion  10,  the  swing  wheel  30  teeth,  and  a  pinion  of  10.  The  vi- 
brations will  be  found  to  be  100  in  a  minute,  and  the  pendulum  (by  a 
rule  to  be  given  afterwards  for  finding  the  lengths  of  pendulums,)  will 
require  to  be  14.112  inches  in  length.  The  great  wheel  of  the  striking 
part  100  teeth,  the  pin  wheel  64  teeth,  8  pins,  and  a  pinion  of  10, 
(he  tumbler  wheel  66,  and  a  pinion  of  8,  the  fly  wheel  46,  and  a  pi-» 
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nion  of  8,  the  fly  pinion  12.  The  revdutions  then  made  by  the  fly 
for  every  turn  or  revohition  of  the  tumbler  wheel  will  be  36.889. 
For  66X46-^8X12»26.833,  the  number  of  turns  made  by  die  fly 
and  its  pinion.  The  great  wheel  of  die  quarter  pert  has  120  teeth, 
the  seccMid  wheel  80,  and  a  pinion  of  10,  the  tumbler  wheel  66,  and 
a  pinion  of  8,  the  fly  wheel  46,  and  a  pinion  of  8,  and  die  fly  pinion 
12.  The  fly  and  fly  pinion  in  this  part  make  also  26.883  revolutions 
for  every  turn  made  by  die  tumbler  wheel,  which  is  one  for  eveiy 
quarter,  each  quarter  being  8  blows  oi  as  many  hammers,  each  on  its 
own  bell.  The  sec<md  wheel  of  80  turns,  a  wheel  of  40  which,  is  on 
one  of  the  ends  of  the  quarter  barrel,  having  five  rows  of  pins  put  on 
it  for  the  same  number  of  quarters,  making  two  revolutions  in  the 
hour,  it  gives  ten  quarters  in  that  time,  as  1-f  2+3+4«sl0.  The 
length  over  all  in  the  flys  used  in  the  striking  and  quarter  parts  may 
be  about  three  inches  and  a  half.  If  the  tumbler  wheels  were  made 
66,  the  fly  wheel  42,  their  pinions  8,  and  the  fly  pinion  14,  the  re- 
volutions of  the  fly  would  then  be  21  for  every  blow  of  the  hammer. 
For  66  x42-f-8x  14^21.  A  fly  to  bridle  diis  would  require  to  be  in 
length,  overall,  four  inches  and  a  half,  oralitde  more.  The  numbers 
for  the  teeth  of  the  tumbler  and  fly  wheels  may  be  deduced  from  as- 
suming the  number  of  the  revolutions  the  fly  is  required  to  make,  and 
knowing  the  numbers  for  fly  and  fly  wheel  pinions.  Suppose  the  pi- 
nions are  8  and  14,  the  number  of  revolutions  the  fly  is  required  to 
make  is  20,  then  to  find  the  numbers  for  the  tumbler  and  fly  idieel 
teeth.  The  pinions  multiplied  into  one  another,  and  the  iHX)ductby 
the  number  of  revolutions  of  the  fly  pinion,  will  give  such  a  number, 
that  when  made  into  divisors,  will  give  sets  for  the  two  wheels. 
8X14  X20=2240.     The  divisors  are  six  2b,  one  6,  and  a  7. 

The  great  wheels  of  the  going  and  quarter  parts  make  one  revolu- 
tion in  12  hours,  die  fusee  must  then  have  16  turns.  In  the  quar- 
ter part,  the  tumbler  wheel  making  one  revolution  every  quarter,  80 
the  number  of  the  second  wheel,  being  divided  by  8,  the  tumbler 
wheel  pinion  will  give  10  for  the  number  of  quarters  struck  in  an 
hour.  The  second  wheel  80,  makes  12  revolutions  for  one  of  the 
great  wheel,  as  10,  the  second  wheel  pinion,  will  divide  the  great 
wheel  of  120  into  12,  therefore  the  great  wheel  of  the  quarter  part 
will  make  a  revolution  every  12  hours.  By  the  striking  part,  there 
are  80  blows  given  by  the  hammer  for  one  revolution  of  the  great 
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Hfbeeli  80  that  die  number  of  turns  given  to  the  fbsee  may  raiher  be 
lew  than  16.  For  if  78  Mows  require  16  turns  on  the  fusee,  so  as  to 
keep  up  the  strikiog  for  eight  days,  then  80  blows  for  one  turn  of  the 
fiisee  will  require  only  16.6  turns  to  keep  up  the  striking  for  the  same 
time.  In  an  inverse  ratio,  say  as  78  is  to  16,  so  is  80  to  16.6,  that 
IB  78x16-7-80  =  16.6.  If  the  number  of  teeth  in  the  striking  great 
wheel  had  been  98,  then  the  blows  given  in  one  revoluticm  would  have 
been  78.4.  For  100  :  80  : :  98  :  78.4,  and  the  number  of  turns  re- 
quired for  the  fusee  15.91,  or  16.92  neariy:  Fcm:  as  78  :  16  : :  78.4  : 
15.91  +  taken  as  above  in  an  inverse  ratio. 

Music,  or  chime  parts  in  clocks,  have  their  trains  regukted  some- 
tiaoes  much  in  the  same  way,  as  has  been  described  for  the  spring 
quarter  part,  and  sometimes  they  have  tiie  fly  turning  with  the  uij^per 
end  of  an  iquright  aibor  on  the  lower  end  of  which  is  formed  an  end- 
less screw,  either  of  a  single,  double,  triple,  or  quadruple  thread,  into 
which  the  last  wheel  in  the  train  works.     In  a  single  threaded  endless 
screw,  <me  tooth  of  the  wheel  must  pass  for  every  turn  or  revolution 
of  the  fly,  two  for  the  double,  three  for  the  tr^le,  and  four  teeth  of 
the  wheel  must  pass  (or  eveiy  turn  of  the  fly,  having  an  endless  screw 
of  four  threads  on  its  arbor.    The  number  of  threads  in  the  endless 
flciew,  and  the  position  of  its  arbor,  for  it  may  be  placed  either  h<m- 
zontafly  or  iq»rigbt,  are  things  which  may  be  determined  according 
to  the  fancy  of  the  movement  maker,  or  to  the  plan  he  may  have 
designed  for  the  dock.    A  fly  having  an  upright  arix>r,  and  a  quad- 
ruple threaded  endless  screw,  will  turn  easily  and  with  great  veloci- 
ty: hence  it  will  require  to  have   the  wings  or  vanes  <^  consider- 
able extent  so  as   to   bridle   the  train.     The  wked  on  the  end  of 
the  music  barrel  which  is  turned    by  part  of  the   train  of  wheels 
and  pinions,  has  sometimes  no  connection  wifli  the  regulating  part 
of  it,  which  is  finmed    by    the    fly  wheel   and  pinion,  and   th^  fly 
havmg  either  a  pinion  or  an  endless  screw  for  its  artior.    But  this 
whed  is  made  to  pitch  nicely  in   with  another   wheel   of  the  same 
number  and  diameter,  which  may  be  considered  rather  as  a  kind  of 
an  imperfection,  as  in  this  way  the  music   barrel    wheel   will  have 
some  degree  of  liberty  by  the   shake   of  the  teeth  (however  little) 
in  the  two  wheels.    The  barrel  cannot  turn  so  steadily  as  it  woukl 
have  done  when  placed  between  the  fly  wheel  and  fly,  but  to  have 
this,  fliree  wheels  of  the  same  number  and  diameter  are  required,  the 
barrel  wheel   is  driven  by  one,  and  it  drives  the  other  which  turns 
the  fly  wheel  pinion,   and  the  fly  wheel  turns  ^ther  a  fly  pinion 
or  an  endless  screw.    Sometimes  there  is  a  wheel  more  in  the  train, 
the  pinion  of  which  is  driven  by  the  wheel   that   is  driven  by  the 
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trarrel  wheel,  aod  tlie  wheel  which  is  on  this  pinion  drives  the  ffy 
wheel,  and  so  on.  The  first  or  great  wheel  of  a  music  part  being 
96,  on  the  pinion  of  8,  which  it  turns,  is  a  wheel  of  72^  pitclung 
with  the  music  barrel  wheel  of  72,  each  being  of  the  same  diame- 
ter ;  the  second  wheel  of  72  also  turds  the  fly  wheel  pinion  of  12, 
on  whose  arbor  is  the  fly  wheel  of  32  teeth  wwkiiig  into  a  single 
threaded  endless  screw^  on  the  aibor  of  which  the  fly  is  carried.  The 
music  barrel  is  made  to  turn  three  times  rounds  at  the  end  of  every 
three  hours,  and  the  tune  ndiich  is  on  it  is  played  three  times  over; 
during  the  time  of  one  revolution  or  tune,  the  fly  makes  108  turns 
and  two  thirds  of  a  turn.  For  72x32-^12«108},  being  the  second 
wheel  of  72)  multiplied  by  32  the  fly  wheels  and  the  product  divided 
by  the  fly  wheel  pinion  of  12^  gives  the  number  of  turns  which  the 
fly  must  make.  The  pioion  of  8  being  taken  to  divide  the  great 
wheel  of  96,  the  quotient  will  be  12,  the  number  of  tunes  pUyed 
in  12  hours,  the  threes  in  12  are  four,  and  three  the  number  of 
times  the  tune  is  played  every  third  hour.  For  3x4=12,  a  revolution 
of  the  second  wheel  is  made  in  the  same  time  as  one  of  the  music  bar- 
rel and  its  wheel.  In  this  example  the  music  barrel  is  out  of  the  power 
of  the  regulating  fly« 

The  example  of  a  music  part  now  to  be  given,  shall  be  of  that  kind 
where  the  music  barrel  is  placed  as  it  were  within  the  control  of  the  re- 
gulating fly.  The  first  or  great  wneel  is  96,  the  second  wheel  pinion  is 
8,  and  the  wheel  84,  which  turns  the  music  barrel  and  its  wheel  of  84 ; 
this,  again,  turns  another  wheel  of  84 ;  these  three  wheels  being  of  the 
same  number,  must  consequently  be  of  the  same  diameter.  The  last 
of  the  three  turns  a  pinion  of  8,  whose  wheel  is  64,  which  turns  the  fly- 
wheel pinion  of  8 ;  the  fly  wheel  of  48  turns  the  fly  pinion  of  10,  it 
must  then  make  403.2  revolutions  for  one  of  the  music  barrel ;  the  three 
wheels  which  are  between  the  barrel  wheel  and  fly  pinion  being  multiplied 
into  one  another^  and  the  product  divided  by  the  product  of  the  two  pin- 
ions of  8,  and  the  fly  pinion  multiplied  into  one  another,  will  give  403.2 
for  the  quotient  For  84  X  64  x  48-S-8  X  8  x  10=403.2,  the  number  of 
revolutions  made  by  the  fly  and  its  pinion  for  one  turn  of  the  music  bar- 
rel. The  music  part,  by  the  going  of  the  clock,  is  discharged  every  three 
hours,  and  plays  the  tune  three  times  over  as  in  the  first  example,  conse- 
quently the  tune  is  played  12  times  over,  for  every  revolution  of  the  great 
wheel.  The  length  of  the  vanes  of  the  fly  over  all,  must  be  about  3.65 
inches,  and  breadth  half  an  inch« 
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*  CHAPTER  IV. 

On  Fmdmg  J^umben  far  the  WheeU  and  Pmumtof  Orreries,  Pltm- 

Having  given  a  sufficient  number  of  examples  how  to  obtain  num* 
bers  fit  for  the  wheel  teeth  of  any  watch,  time-keeper,  or  clock  of  any 
description^  it  may  not  now  be  out  of  the  sphere  of  practical  horo- 
logy to  select  a  few  numbers,  such  as  are  properly  suited  for  the  mo- 
tions requisite  for  orreries  or  planetariums.  The  business  of  making 
planetariums  or  orreries,  is  so  closely  connected  with  that  of  the  clock- 
maker,  that  a  sort  of  Table  shall  be  given  of  most  of  the  numbers  that 
can  be  adopted  fpr  such  machines.  The  greater  part  of  them  are 
those  of  Janvier,  taken  or  copied  from  Histaire  de  la  meaure  du 
temps,  torn,  iL  ckap.  vi.  Des  horologes  ^  Sphere  MouvatUe,  pp.  238, 
239,  240,  and  241.  Par  Ferdinand  Berthoud.  Paris,  1802.  A 
description  of  the  Sphere  Momante  by  Janvier,  with  the  numbers 
of  its  wheel  teeth  and  pinions,  had  been  given  by  him  to  the  Nation- 
al Institute;  and  Berthoud,  as  one  of  the  commissioners  appointed 
to  examine  it,  got  the  opportunity  of  seeing  these  numbers,  which  he 
soon  aderwards  published,  and,  as  we  suspect,  without  Janvier's  con- 
sent We  are  led  to  suppose  this  from  Janvier  himself  declining  to 
make  them  public,  as  seems  evident  from  his  own  work  published,  and 
entitled,  ^Des  ReooltUions  des  corps  Cilestts,  par  Is  mechaanMm 
des  Rouages,^  Paris  1612 ;  which  see. 

The  first  planetary  machine  or  orrery  made  in  this  country,  was  by 
the  celebrated  George  Graham,  clock-maker,  (so  he  is  styled  in  a 
print  engraved  by  Faber,  from  his  picture  by  Hudson,  in  the  posses- 
sion of  the  noble  family  of  Macclesfield,)  who  was  well  skilled  in  the' 
various  branches  of  speculative  and  practical  philosophy.  Olrery  was 
a  name  given  afterwards  to  it,  but  not  by  Graham. 

What  follows,  is  mtended  to  show,  how  to  find  the  numbers  for  the 

teeth  of  wheels  and  the  leaves  of  pinions,  that  shall  give  a  revolution 

-to  a  wheel,  or  figure  representing  the  motion  of  a  planet,  in  a  clock, 

orrery,  or  in  any  planetary  machine ;  which  must  be  performed  in  a 

determined  or  certain  period  of  time.     It  has  already    been  shown, 

tohen  in  the  train  of  a  clock  or  watch,    the  number  of  the  pinions 

and  their  leaves,  and  the  number  of  teeth  in  the  swing,  or  balance 

wheel,  are  fixed  upon,  that  it  is  an  easy  matter  to  find  numbers  for 

the  teeth  of  the  other  wheels.    But  to  find   such  numbers  for  the 
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wheels  and  pinions  in  a  planetary  machine,  as  shall  cause  a  revolu- 
tion to  be  made  by  a  wheel,  which  must  give  the  mean  synodical  re- 
volution of  a  planet,  that  of  the  moon  for  instance,  in  a  period  of  time 
consisting  of  29  days,  12  hours,  44  minutes,  2.8283  second^  will  be, 
at  least  to  some,  rather  an  intricate  and  difficult  operation  to  make 
out ;  being  confined  to  have  this  revolution  performed  widun,  or  ex- 
actly to  an  almost  infinitely  small  portion  of  space  or  time.  Former- 
ly, calculations  to  find  numbers  for  the  teeth  of  wheels  and  pinions, 
suited  to  give  the  revolution  of  a  planet  tolerably  near,  seems  to  have 
been  the  work  of  years,  and  that  not  very  long  ago,  a  thing  which 
may  now  be  done  iii  a  few  minutes.  The  clock  which  was  made  by 
Dauthieu  for  Louis  XIY.  King  of  France,  about  the  year  1749,  mov- 
ed a  small  sphere,  or  rather  more  properly  in  our  language,  an  orreiy, 
representing  the  solar  system,  according  to  Copernicus.  The  con- 
struction and  arrangement  of  it,  and  the  calculation  of  the  wheel  teetfat 
were  made  out  by  M.  Passemant,  in  which  U  i$  fotd,  that  he  had 
been  employed  for  such  a  length  of  time  as  twenty  yeank  The  mo- 
tions in  this  sphere,  or  planetary  machine,  were  allowed  to  be  very 
exact  by  the  report  of  M.  M.  Camus,  and  Deparcieux,  delegated  by 
the  Royal  Academy  of  Sciences  to  examine  them.  And  even  still 
nearer  to  our  own  day,  much  time  and  labor  seems  to  have  been 
spent,  not  less  than  eleven  years,  as  is  related,  if  not  in  the  calculation 
of  numbers  for  the  wheel  teeth,  and  leaves  of  the  pinions,  it  must  at 
least  have  been  in  the  construction  and  execution  of  one  of  the  finest 
planetariums,  by  M.  Antide  Janvier,  that  has  as  yet  been  any  where 
exhibited :  it  was  purchased  by  the  then  existing  government  of  France. 
This  planetarium  is  kept  constantly  going  by  an  excellent  chronome- 
ter, or  time-piece.  The  numbers  of  the  wheel  teeth  and  the  of  pinion 
leaves  in  it,  certainly  approximate  as  nearly  as  it  is  possible  to  give 
the  periodical  revolutions  of  the  planets,  and  other  circumstances  at- 
tending them,  to  the  greatest  nicety,  such  as  their  states  of  retrogia- 
dation,  progression,  and  when  stationaiy,  also  their  phases,  place  of 
the  nodes,  eclipses,  &c.  There  are  two  plates  of  this  planetarium, 
and  a  detailed  description  of  it,  besides  the  numbers  of  the  wheel 
teeth  and  pinion  leaves,  given  in  the  Histoire  de  la  M^swrt^  &c. 

We  have  seen  no  account  of  that  magnificent  planetarium,  sent 
some  years  ago  by  our  government  to  China,  as  a  present,  among 
many  other  fine  things,  to  the  good  old  Emperor  Eien  Lung,  along 
with  the  splendid  embassy  under  Lord  Macartney.  It  is  said  to  have 
been  made  at  Erfurt  in  Germany;  for  in  the  year  1791,  a  pamphlet 
was  published  ia  London,  giving  a  description  of  this  planetarium  or 
astronomical  machine,   invented  and    partly  executed   by  Phil.  Mat 


HiJMi,  Member  of  the  Academy  of  Sciences  at  Erfiirt»  and  completed  by 
Albert  Mjlina. 

Wo  were  mfoimed  by  the  late  Dr.  Dinwiddie,  who  was  astronogier 
and  mathematjcian  in  that  embaasy,  and  had  diarge  of  this  planeta- 
fium«  and  who*of  oouiae  had  to  ezphun  the  varioua  moti(»iB  anduaof 
of  it,  to  those  who  were  appointed  to  receive  it  for  the  EmperoTy  but 
as  they  seemed  to  set  little  or  no  vahie  on  it*  perhaps  they  did  not 
undoTBtand  it,  or  were  unable  to  vppteciato  the  merits  of  a  "MiiOiifft*^ 
catcuhtad  to  give  such  a  comet  representation  of  the  moticHMi  of  the 
heavenly  bodies  as  it  did.  At  this  the  Doctor  was  so  indignant  and 
provoked,  that  he  was  induced  to  bring  away  some  parts  of  the  mft* 
chineiy,  which  after  all  we  may  suppose  could  be  of  little  or  no  use 
to  any  <Mie,  when  detached  from  the  |»incipal  to  which  they  weio 
adapted. 

M.  CanuM,  in  his  Conn  de  MUkimni$qm$,  Paris,  1767,  thir4 
edition,  has  given  a  few  cases  for  findiqg  the  numbers  (or  thq  teeth 
of  wheels,  and  the  leaves  of  pinions,  tvro  in  particular,  by  way  of  pn^ 
blems,  that  shall  give  the  annual  revolution  <^  the  earth,  or  the  i^ 
parent  revolution  of  the  sun,  and  also  that  of  a  synodical  revohitiaQ 
of  the  moon,  when  represented  in  a  {Janetary  machine :  the  solutiona 
of  these  problems  are  done  in  a  very  ingenious  manner  by  algelnaic 
equations.  But  algebraic  equations  not  being  so  genially  known 
among  those  of  our  profession,  as  the  arithmetic  of  decimal  or  vulgar 
finclioos  may  be,  we  shall  attempt  to  show,  by  means  of  these  fractionSf 
how  the  numbers  of  wheel  teeth  and  pinion  leaves  may  be  obtained, 
«o  as  to  produce  a  revolution  in  a  given  time  for  any  planetary  mo- 
tion. Since  the  time  of  Comiw,  modem  mathematicians  i^ppear  to 
have  brou^t  this  subject,  if  not  to  a  greater  degree  of  perfection,  they 
have  certainly  shown  how  it  may  be  done,  and  that  in  a  very  simple 
maimer,  so  as  it  may  be  more  easily  acquired,  by  those  vriio  are  not 
in  the  daify  practice  of  seeing,  what  it  is  in  the  power  of  figures  ox 
numbers  to  do.  None  have  displayed  such  a  knowledge  of  this  sub- 
ject as  has  been  done  by  the  Rev.  Dr.  Pearson,  who  certainly  has 
taken  uncommon  pains,  in  which  he  has  completely  succeeded,  by 
having  the  motions  of  the  planets  to  be  more  correcdy  r^jwesented  in 
an  orrery  or  planetarium  dianfaas  hitherto  been  done«  The  numbers 
he  gave  finr  the  motions  of  Jupiter's  satellites  were  published  IQth 
March,  1798,  in  Nicholson's  Journal,  vol.  ii.  4to  edition,  p.  122,  a 
seq.  which  vras  somewhye  before  we  had  any  account  of  Janvier's 
Sphert  MouMuUe^  whose  numbers  fior  the  same  motions  were  so 
nearly  similar  to  tiiose  of  Dr.  Pearson's,  that  we  could  hardly  be  re- 
Btraiiied  ibrm  suspecting  at  first  sight,  some  degiee  of  plagiariflm  on 
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the  part  of  M.  Antide  Janvier;  but  having  taken,  as  we  aie  led  to 
suppose,  (he  same  way  to  find  numbers  for  the  teeth  of  the  wheels,  &c. 
in  his  planetary  machine,  as  Dr.  Pearson  did,  and  the  principle  being  a 
general  one,  the  results  would  and  must  naturally  be  the  same.  Jan-. 
vier  appears,  however,  from  his  works,  to  be  master  of  this  subject,  had 
got  a  Uberal  education,  and  of  that  rank  in  life,  of  being  the  son  of  one 
who  was  a  general,  second  in  command  of  the  French  army  at  the  bat- 
tle of  Fontenoy. 

To  the  practical  astronomer,  an  orreiy  can  be  of  little  use,  unless 
in  the  hands  of  those  who  may  give  public  lectures  on  Astronomy, 
where  it  is  very  well  calculated  to  show  the  motions  of  the  heavenly 
bodies,  and  the  beauty  and  order  of  the  solar  system,  in  such  a  fami- 
liar way,  as  to  impress  the  subject  readily  on  the  minds  of  young  stu* 
dents.  Aa  there  is  some  ingenuity  required  to  find  the  numbers  for 
the  wheel  teeth,  as  well  as  to  construct  and  arrange  the  wheels  in  an 
orrery,  so  as  to  show  the  motions  of  the  planets  in  their  natural  time 
imd  order,  it  is  for  these  reasons  that  we  have  been  induced  to 
enter  a  little  into  the  subject,  that  the  practical  artist  may  derive  some 
small  assistance  from  it,  yet  without  any  pretensions  of  making  him  an 
adept  He  will  acquire  much  useful  information  by  consulting  the  arti« 
cles  Orrery^  Planetary  lumbers,  PUtndary  and  SaidUHan  Machines^ 
in  Dr.  Rees'  new  Cyclopsedia. 

The  method  to  be  now  shown,  is  founded  on  what  is  called  by 
arithineticians  the  reduction  of  ratios,  that  is,  reducing  what  is  expressed 
in  large  numbers  to  their  equivalents  nearly ;  and  so  as  they  may  be 
represented  in  lower  terms;  as  shall  be  illustrated  by  the  following 
examples : — 

FROBLEM. 

Any  ratio  between  two  given  numbers,  consisting  of  man^  places 
of  figures,  being  proposed,  to  find  a  set  of  integral  numbers  that  shall 
be  the  nearest  to  that  given  ratio  ? 

Divide  the  consequent  by  the  antecedent,  and  the  divisor  by  the 
remainder,  and  the  last  divisor  by  the  last  remainder,  till  nothing 
shall  remain,  in  the  same  way  as  finding  the  greatest  common  mea- 
sure for  any  two  numbers :  then,  for  the  terms  of  the  first  ratio^ 
unity  will  always  be  the  first  antecedent,  and  the  first  quotient,  the 
first  consequent ;  for  the  second  ratio,  multiply  the  first  antecedeqt 
and  consequent,  by  the  second  quotient,  and  to  the  product  of  the 
antecedent  add  0,  and  to  the  consequent  add  1,  and  the  sum  shall  be 
the  terms  of  the  second  ratio.  For  the  following  Vatios,  multiply  the 
last  antecedent  and  consequent  by  th»  next  quotienty  and  to  the  pro- 
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duet  add  the  last  antecedent  and  conaequent  but  one,  and  the  sum 
sliall  be  the  present  antecedent  and  consequent  It  is  necessary  to 
remark,  that  if  the  terms  of  the  given  ralio  are  not  prime  to  each 
other,  they  must  be  made  so,  before  the  operations  |Hoposed  above  are 
peifbimed* 

BZAMFLB* 

Let  the  ratio  of  7988  to  163704  be  proposed,  and  to  find  smaller 

integral  numbers  in  the  same  pioportion  as  near  as  can  be  found.    The 

7988 
ratio  expressed  in  the  usual  form  is  ;  and  it  is  easily  seen  that 

7988        8994       1997 
the  temifl  are  not  prime  to  each  other,  for  ^^^^^^^~^^^^ 

which  are  prime  to  each  odier,  that  is,  irtiere  no  other  number  except 
imity  iriH  divide  both  without  a  remainder. 

1997)40926(20 
8994 


986)1997(2 
1972 


26)986(39 
76 


236 
226 


11)26(2 
82 


3)11(3 
9 


2)3(1 
2 


1)2(2 
2 


The  quotients  found  in  this  operation  are  20,  2,  39, 2, 3, 1,  and  2. 


$4 


pu^^ir^^r  wmpwc. 


The  fiiBt  quotient  20     x     0 


"O     "*    20  ®'*™'*^^ 


X 

2 

+   1-  i 

2^ 

41 

X 

39 

1  ^   79 
"^  20  ■"  1619 

79 
1619 

X 

2 

2  ^  160 
"*■  41  ■*  8279 

160 
3279 

X 

3 

97  _  669 
^  1619   11466 

659 
11456 

X 

1 

160  _  719 
"*■  3270  "~  14736 

719 
147B6 

X 

2 

669    1997 
■*■  11466"°  40926 

second  ratio, 
third  ratio, 
fourth  ratio, 
fiflfa  ratio, 
sixth  ratio, 
seventh  ratio. 


The  last  ratio  is,  that,  where  the  numbers  are  prime  to  each  other,  and, 
therefore,  a  proof  of  the  operation.  It  is  necessary  to  observe,  that  the 
firstratioof  1  to  20  is  farther  from  the  truth  than  the  second,  which  is  2 
to  41 ;  and  the  third,  79  to  1619,  is  still  nearer  to  the  given  ratio,  and 
aU  of  them  are  the  nearest  that  can  be  found  in  round  numbers,  where 
die  antecedent  and  consequent  is  one  of  die  numbers  above.  Thus, 
the  ratio  of  7988  to  163704,  may  be  expressed  by  six  different  ratios, 
all  of  them  in  smaller  whole  numbers,  that  constantly  approach  nearer 
and  nearer  to  the  truth,  till  the  seventh  ratio  above,  whidi  is  the  same 

with  it,  as  well  as  the  ratio . 

81862 

* 

The  application  or  use  of  the  foregoing  problem  will  be  seen  in  the 
following  example : — 

A  lunation,  or  synodical  revolution  of  the  moon,  consists  of  29  days, 
12  hours,  44  minutes,  2  seconds,  and  62  thirds :  It  is  required  to  find 
such  numbers  for  the  teeth  of  the  wheels,  and  leaves  of  the  pinions. 
as  shall  cause  the  last  wheel  in  the  train  to  make  one  turn  in  the  above 
period  of  time? 

Reduce  the  12  hours,  44  minutes,  2  seconds,  62  thirds,  to  the  de- 
cimal of  a  day ;  the  number  of  thirds  here,  is  2760572  :  this,  divided 
by  618400,  the  thirds  in  a  day  or  24  hours,  the  quotient  6306887 
will  be  the  decimal  part  of  a  day ;  the  lunation  is  then  29.5306887 
days,  and  this  being  divided  by  1.0000000,  and  so  on,  reducing  it 
to  get  a  few  quotients,  as  in  the  preceding  operation.    The  quotients 
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obtained  by  these  operatioiis,  are«  M,  1,  1,  7,   1,  2,  17,  2 ;  with 

theae   quotients   we  proceed   to   obtain  a  tatio  aomeidiat  near   to 
1.0000000  , 
20  6306887*       represented  in  lower  tenna;  now,  29  being  the  first 

quotient,  wiU  be  represented  inthe  first  ratio  as  1  to  29,  or    -^.     The 
numbers  of  the  firaction        '  ^^^^^om  s^  prime  to  each  other,  1  being 

29.00U0oo7 

the  common  divisor,  and  the  quotients,  in  addition  to  the  above,  1» 
11,  1,  1,  1,  1,  1,  2,  2,  1,  1,  and2. 


29x0+i-=:        ^fin*  "^^- 


1 

29 

X 

1  + 

80 

X 

1  + 

2 

69 

X 

7  + 

16 
448 

X 

1  + 

17 

602 

X 

2  + 

49 
1447 

X 

17  + 

860 

1 

2   + 

1_ 

0  ^         29 

r—        ■■        ^rr    second  ratio. 

1  80 

jj-         =       ^     third  ratio. 

L        .       «     fourth  mtio. 
80  448 

^  _      

69  ""602 

16 
448 

17 
602 

49 


17 

-r;^    fiAh  ratio. 

302 

TTT^    sixth  ratio. 
1447 

860 
-■    55101-    seventhratio. 

*»  ^749      .  _       . 

1447        -      61649    '^'f^^' 


If  we  take  the  eighth  ratio,  and  divide  tiie  consequent  by  the  an- 
tecedent, we  shall  have  29  days  for  the  quotient ;  ths  remainder  be- 
ing multiplied  by  24,  and  the  sum  again  divided  by  the  antecedent 
1749,  the  quotient  will  be  12  hours,  and  90  on,  as  seen  in  the  foW 
lowing  operation :— 
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1749)61649(29  days. 
3498 


16669 
16741 

928 
24 

3712 
/   1856 


1749)22272(12  hours. 
1749 


4782 
3498 

1284 
60 

1749)77040(44  minutes. 
6996 


7080 
6996 

84 
60 

1749)5040(2  seconds. 
3498 


1642 
60 
* 


MA       q 
1749)92520(62  thirds^^  or  :^  nearly. 

8745  ^^     ^^ 


6070 
3498 


^1572  524  9 

^)l749=    583-'"'   10 -^^y- 


mnfBBM  roB  ▲  xBonoAii  vbar< 


•9 


If  the  antecedent  of  the  frastion 


1749 


is  divided  by  prime  quid* 


61649 

ben,  we  §hall  get  numbera  for  the  ptnioDB*  and  immbera  for  the  whed 
leedi  will  be  got  in  the  aame  manner,  by  dividing  the  oonaequent  with 
the  like  kind  of  numbeia. 


1749 

583 

53 

1 


3 
11 
53 


51649 

3973 

137 

1 


18 

89 
137 


The  finctioDa  then  are ^jX  jS^lgf 


29  days,  12  houra,  44  mia« 


16 


iitea,  2  aeeondEh  52tH  thirds ;  or  they  can  be  made  ^    X    -r^ 

^  65  58 


58 
137 


=  to  the  above. 


1749 


If  a   cipher  is  added  to  both  parts  of  the   faction  27:^77-^  they 

will  then  deooqipoae  into  auch  numbers,  as  are  better  suited  fiir  tta 
teedk  of  the  wheels  and  leaves  of  the  pinions,  as  may  here  be  aeeni  ba| 
di&ring  nothiog  fiom  the  &acti<»i8  already  stated. 


516490 

2 

17490 

2 

268245 

5 

Wheeb    8745 

3 

Pinions* 

51649 

18    * 

2x29—  58                 2915 

5 

8x  5=15 

3973 

29    - 

5X13—  65                  583 

n 

8X11=22 

137 

137    . 

137=3137                    53 

53 

58—58 

If  the  ratio  had  been  oarried  on  to  the  ninth  or  tenth  quotient,  diey 
would  have  been  represented  by  so  great  a  number  of  places  of  fi^ 
gures,  that  before  they  could  have  been  divided  into  such  amall  num^ 
bers  as  were  practicable  for  wheel  teeth,  we  should  have  been  ft^ 
vented  by  meeting  with  prime  numbers  of  too  great  extent,  an  incon- 
venience that  frequently  occurs  in  this  method  of  finding  numbers. 

The  numbers  that  have  been  obtained  here  for  the  teeth  of  wheels, 
jdA  leaves  of  pinions,  are  the  some  which  give  the  synodical  revoluo 
tion  of  the  moon  in  Janvier's  Sphere  Mammiie. 

The  earth  ia  computed  to  perfonn  its  annual  revolution  for  a  tro^ 

pical  year,  in  365  days,  5  hours,  48  minutes,  48  seconds*     A  tr^ 

of  wheels  and  pinions  to  represent  this  moticm  of  the  earth,  may  be 

obtained  by  a  process  like  that  of  the  preceding ;  and  a  neat  scheme  of 

it,  by  Dr.  Pearson,  may  be  seen  in  Kees's  new  Cydopsdia,  under  the 

8 


66 


mniBBiis  yo&  a  tropical  tkab. 


axticle  Planetary  Numbers.  Reduce  5  hours,  48  minutes,  48  se- 
conds,  to  the  decimal  of  a  day,  which  hecomes  .242,  making  the  time 
of  the  earth's  annual  motion  to  he  365.242  days.  To  reduce  this 
decimal  part  to  a  vulgar  fraction,  being  a  repeater,  it  cannot  be  re- 
duced in  the  common  way;  the  finite  part  being  subtracted  from  the 
Whole  decimal,  will  give  the  numerator  of  the  fraction ;  ^e  denomi- 
nator must  be  9  for  each  figuie  of  the  infinite  part,  (that  with  a  dot  on 
the  top  of  the  last  figure  2,)  and  having  as  many  ciphers  added  to  it 
as  th^  are  integera  in  the  finite  part,  which  in  this  case  are  two ;  as 

thOs: 

342 
24  218  109 


218 


900 


450 


242—24 

900 


218 
900 


109 


450 


.  And 


Or  it  may  be  represented  thus, 

...        164359    . .       , 
36&Ht9  reduced,  becomes  the  unproper  fraction   — .^7:7— » this,  when 


450 


inverted,  will  be  the  fraction 


450 


^  ^  ^  the  same  as  produced  by   the 
164359^  ^ 

process  of  reduction  in  the  seventh  ratio  in  the  scheme  alluded  to. 


450 

225 

75 

25 

5 


2 
3 
3 
0 
6 


Pinions. 
2x5»10 
8x3»  9 
5=  5 


164359 
12643 
269 


Wheels. 

13 

47 
269 


JL  x—X^  or  -i2-      i.  X  —  =  365  days,  5  hours, 48 
269        47       13  269        47        26  ^ 

•  I 

minutes,  48  seconds. 

Or  thus,  —  X  —   X ,  ffiving  &e  same  result  as  above.    These 

^  26        47        269    *^     ^ 

are  the  same  numbers  as  are     Janvier's  Sphere  Mhwcmte, 

The  first  pinion  9  in  this  train,  and  15  in  that  of  the  moon's  syno- 
dical  revolution,  are  supposed  to  turn  round  once  in  24  hours ;   the^ 
tin^e  of  the  revolutions  of  the  last  wheel  in  each  is  respectively  given. 


A  solar  or  tropical  year  being  computed  to  consist  of  365  days,  6 
hours,  48  minutes,  48  seconds,  the  siderial  revolutions  in  that  time  are 
366  days,  5  hours,  49  minutes,  47  seconds,  9j<VV^  thirds.  To  find 
numbers  for  the  wheels  and  pinions  to  produce  a  siderial  motion,  re- 
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dace  5  hours,  49  minuteB,  47  seconds,  9^A^  iUrds  to  the  deciioal  cf 

B  day,  and  it  will  be  represented  by  the  fraction      *  Q^oft/w>Q*  ^«^hoBe 

greatest  commcm  measure  is  4,  consequently  the  numbers  aie  not  prime 

^     ^  ..  6000000         ,.  ..,^^.^^,^^      ^ 

to  each  other,  neither  are  .^o  ioi>iko.i»  which  is  the  huf  of  the  first  firao- 

loo.  1 214004 

8500000 
tion,  but  this  hist,  when  again  divided  by  2,  becomes  so ;  as 


»L66072fi7 
and  from  this  we  obtain  the  following  nineteen  quotients,  viz.  3669 

4,  8,  h  h  d,  1,  1,  2,  1,  1,  2,  1,  2,  1,  4,  1,  2,  3,  and  the  hist  ratio 

2600000 
produced  from  them  will  ^qi  fi6Q70fi7»  ^'*^^  multiplied  by  4,  gives 

the  original      *  t^.^^^^o*    ''^^  same  quotients  can  be  got  from  any 

ot>t>*464^vUt>o 

of  the  three  fractions,  and,  of  course,  the  same  ratio  wiD  be  the  re- 

fiult    The  tenth  ratio,  ,  may  be  decomposed  into  nuftibeis  for 

the  wheels  and  pinions,  though,  by  itself^  it  is  not  so  well  suited  as 

oflier  numbers  would  be,  the  divisors  of  the  numerator  being  two  7', 

and  a  41 ;  those  of  the  denominator,  one  2,  a  37,  a  61,  and  163, 

....      ^    pinions  7x  7X41  2009  j.r.i.    j 

which  give  for  ;;j^^j^^-j3^^j^~3  -  ^gg^ ;  ami  rf  the  deoomma. 

tor  be  divided  by  the  ntunerator,  and  the  reduction  carried  on,  it 
will  give  366  days,  6  hours,  49  minutes,  47  seconds,  9iVW  thirds. 

It  is,  however,. from  the  ratio  ^j^^j^  that  the  fraction  ^^^^^^  » 

derived;  and  this,  when  divided  by  priiae  numbers,  gives  for  the 
numerator  four  28,  one  three,  two  7*,  ainiki  41 ;  and  for  the  denomina- 
tor, five  20,  one  3,  a  37,  61,  and  163,  making  the  numbers  for  the 

pinions  12X14X14X41  96432        '        .  .        ,    , 

=  :  and  these  are  the  actual  nui&" 

wheels  48  X61 X74  X  163        36317536 '  ^  *^ 

bers  that  Janvier  had  in  his  Sphere  Mowamit,  of  a  new  and  itople 

construction,  to  produce  in  it,  an  annual  siderial  revolution.    He  has 

9fi432 

not  given  us  the  process  by  which  the  fraction   q,-,^,^^  was  ob- 

tained,  nor  even  the  fraction  itself,  though,  from  his  numbers,  it  is 
evident  that  they  are  derived  from  this  fraction:  he  only  mei|tions 
that  the  numbers  were  deqved  from  the  solids  2009  and  736782.    We 

observe  that  the  fraction  ^^         v    may   be  obtained  by  multiplying 

2009 
the  tenth  ratio  by  48,  which  is  half  of  the  product  of  the  re- 

T3oTo2 

maining  nine  quotients  muhipiied  into  one  another;  or  it  may  be 
foimd  by  the  simple  addition  of  several  of  the  ratios  together ;  8U<^  for 


60 


mnocBs  toR  a  TBonciL  muB. 


ttttqilei  as  Oat  of  die  4th»  7th,  8dit  9tht  10th,  11th,  12th,  Iddi,  and 
the  double  of  the  14tfa  ratio;  or  otherwise  by  that  of  the  4th,  7tfa, 
8tfa,  9th,  10th,  and  the  double  of  the  15th,  as  xuay  easily  be  seen,  for 
87     .     817     .     564     .     1445    .    2009    .     3454     .     8917 


+ 


+ 


+ 


+ 


+ 


I5g$l"''Il5559"*"  20656 1  "•"529221  "'"735782"^  126500d'*'  3265788 
12371  .  83659  .  33659    96432 


^ 


+ 


+ 


4530  791 ^ 12327370  ^ 12327370  35317536 

37     ,     317     ,     564     .    1445 


or,  secondly, 
'      46030 


,  the  fraction  required; 
2009         46030 


+ 


+ 


13551^116009^  206661^  529221^735782^16858161 
96432 


16858161-85317536  ^^^"^^'^  butin  order  that  the  additionmay 

iflipear  more  clear,  we  shall  place  all  the  numeration  in  one  colunm,  and 
qU  the  denominators  in  another,  thus : 


87  . 

4th 

13551 

817  . 

7th 

116099 

664  - 

6th 

206561 

1445  - 

9th 

529221 

37  - 

4th  * 

13551 

S009  • 

10th 

735782 

317  - 

7th  - 

116099 

8454  * 

11th 

1265003 

564  - 

8th  - 

206561 

8917  • 

12ih 

3265788 

1445  - 

9th  - 

529221 

12371  • 

ISA 

4530791 

2009  . 

lOdi  - 

735782 

836591 
88659)* 

14A 

-{ 

12327370 
12327370 

35317536 

46030) 
46030  )  "^ 

15th  - 

i  16858161 
)  16858161 

06489 

96432 

35317536 

tt  is  unnecessary  here  to  put  down  the  whole  ratios  in  detail,  as  any 
one  may  at  pleasure  find  them  with  the  assistance  of  the  nineteen  quo- 
tients before  mentioned,  viz.  366, 4, 8, 1, 1,  &c*  &c.  proceeding  in  the 
flame  manner  as  in  pages  54  and  &b* 

Th^  two  following  problems  are  from  Cotiry  de  MathmaUquea,  per 
M.  Camus. 

To  find  the  numbers  of  the  teeth  of  wheels,  and  leaves  of  pinions,  in  a 
machine,  which  being  led  by  a  pinion  placed  on  the  hour  wheel  of  a  clock, 
shall  cause  a  wheel  to  make  a  revolution  in  a  mean  year,  supposed  to  con* 
sist  of  365  days,  5  hours,  49  minutes* 

SoluUotk 
Let  A  (l^o.  5,  Hate  I.)  be  the  wheel  which  ought  to  make  a  revo* 
Intel*  in  365  days,  5  hours,  49  minutes ;  h^  the  piikion,  to  be  placed 
M  the  hour  wheel,  and  like  it  make  a  revolution  in  12  hours;  and 


-^ 
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BC|  /  g^  two  odler  wheels  and  two  oilier  pJoMNM,  by  meene  of  whicli 
the  motion  of  thepBuon^willbecoiimituiieatedtodiewheelA. 

Aethe  pinioii  h  inekee  a  iwolulioo  m  12  houn,  or  two  revolutioiis 
in  a  day,  it  wiU  make  730  revolutiona  in  865  days,  and  -fV  or  ^H  of 
a  reYokttion  in  ive  hows ;  and  aa  a  minnte  is  equal  to  -gV  of  an  hour, 
or  Tih-  of  12  houTB)  the  aame  pillion  will  perform  -^  of  a  revolution 
in  49  minuter  This  pinion  therefoiB  wiD  make  730 'HI  revolutioai 
in  365  days,  5  hours,  49  minutes ;  that  is  to  say,  during  the  time 
that  the  wheel  A  ought  to  perform  its  revolution.  But  the  product 
of  die  wbeeb  ABC  is  equal  to  the  product  of  the  pinions/  g  A,  mul- 
tiplied by  the  number  of  the  revolutions  made  by  the  pinion  fc  dur- 
ing a  revolution  of  the  wheel  A.  We  shall  ^erefore  have  this 
equation  AxBxCa*730fHx/xgxJ^;  and  as  the  numbers  of  the 
teeth  of  the  whods  ought  not  to  contain  fractions,  the  value  730Hf 
xfXgXh  must  be  a  whole  number.  TherefoiOi  if  the  number  730Hf 
be  muhiphed  by  the  product  of  the  pinions  /kgX&,  the  fraction  which 
jus  720  for  denoibinator  must  become  a  whole  number,  ccMisequently 
the  product  of  the  pinioDs  fxgxh  must  be  equal  to  720,  or  be  a 
multiple  of  720.        ^ 

If  the  product  of  the  pinions  fxgxk  were  made  equal  to  720,  it 
tni^  be  decomposed  into  the  three  factonS,  9,  10,  which  could  be 
taken  as  the  numbers  for  the  leaves  of  these  pinions;  the  equati<Mi 
AxBxC2=730Hf>^X^X&,  would  then  become  Ax BxC»525949, 
4as7d0x720+349s525949.  But  this  number  found  as  die  product 
of  the  numbers  of  the  teeth  of  the  three  wheels  ABC,  cannot  be  de- 
composed into  three  factors,  which  could  be  the  numbers  for  the 
teeth  of  these  wheels ;  it  most  then  be  concluded,,  that  it  is  not  pos- 
sible for  it  to  cause  the  wheel  A  to  make  a  revolution  in  365<1*  5^.  49m. 

If  a  multiple  of  720  were  taken  as  the  product  of  the  pinions,  no- 
thing would  be  gained,  as  we  should  &id  for  the  product  of  the 
wheels  ABC,  a  number,  a  multiple  of  525949 ;  and  this  multiple 
could  not  be  better  decomposed  than  525949.  As  the  number 
730H^  multiplied  by  any  other  product  of  the  pinions  than  720,  or 
ihan  a  multiple  of  720,  would  not  give  a  product  without  fractions 
for  that  of  the  wheels ;  and  as  the  fractions  must  be  neglected  in  the 
product  of  the  wheels  ABC,  it  is  necessary  to  find  for  the  product 
ef  the  pinions  /xgX^a  whole  number,  which,  being  multipUed  by 
730^1^,  may  give  a  product  as  near  as  possible  to  a  whole  number. 
In  general,  this  is  done  by  repeated  trials;  but  as  this  method  is 
defective,  we  shall  here  propose  another,  by  which  the  problem  may 
)w  solved  with  more  certaintj;.    When,  in  searching  for  the  value  of 
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the  product  of  the  wheels  AxBxC,  or  to  approach  as  near  to  it  as 
possible,  we  have  multiplied  730fH  hy  the  product  of  the  pinions 
fXgyJh  which  will  be  a  whole  number;  the  product  found  will  be 

composed  of  these  two  parts  730  X  /  Xg  X  fc  and^^^-^^^^*^ .  But  the 

first  part  730x/XgX^  is  a  whole  number,  since  its  two  fiictors,  730 
BodfXgXhj  are  whole  numbers.    We  must  therefore  proceed  in  such 

a  manner  that  the  second  part i — ° may  approach  as  near  as 

possible  to  a  whole  number.  That  this  may  be  the  case,  it  is  neces- 
sary that  its  numerator,  which  is  a  whole  number,  should  be  too  great 
or  too  little,  only  by  unity,  to  be  divided  by  its  denominator  720. 
But,  if  we  suppose  that  this  numerator  is  too  great  by  unity,  and  if 

we  lesson  it  by  that  unity,  we  shall  have ^J  ^S —    ^^j  ^^ 

^  ^  720  ^ 

whole  number.    If  this  whole  number  then  be  represented  by  S,  we 

Bhdl  have  ^'^•^i^.r^^    -  S. 

720 

If  each  member  of  this  equation  be  multiplied  by  720,  we  shall 
have  349  x/XgxAr— 1=720  8.  Then  adding  f  to  each  member  of 
the  last  equation,  and  afterwards  dividing  each  of  its  new  membera  by 

720+ 


349,  it  will  be  reduced  to  the  followiog,  /xgxA=- 


349 


As  the  product  of  fxgxhy  which  forms  the  first  mmnber  of  the 

720  9  11 
last  equation,  is  a  whole  number,  so  the  second  member  — --^ —    of 

the  same  equation  will  also  be  a  whole  number.     But  this  whole  number 

720  S+1  .  J    r^ 

— — -;r —  IS  composed  of  two  parts, 
o49 

698  S    ^.  ^  .  ,  ^        ,22  8+1       «  ,    ^      22  8+1     ^ 

gj^ —  which  IS  equal  to  2  8,  and      ^49 — •     ^^^  ™"     oaq'  =' 

therefore  22  8 + 1  »349 1 

22  8=349  ^— 1 

8=349<— 1     ,.  ,  .  ,    ^'SSOt     ,^^         19<— 1 
5- whi<»i  IS  composed  of  =zl6l  and  ■■ 

19  f     1 

Putting  then — 55 — ==«,  we  shall  have 

19  «— l==22tj 

19f=22tJ+l 

/=22i>+l     ....  J    x.l9»  ,3r+l 
— -i-  which  IS  composed  of -— =«,  and  -r-j""* 
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Say   now — JL_=x  w©  have 
^  19 

3v+lal9x 

3  o»19  :^— 1 

VS192U.  1827  X — 1 

"3      ^whkh  is  composed  of  y  «6  *  and     3    • 
Then  put  ^^»y,  then 

3 
a^l=s3  jf 
ar-3y+l 
Then  if  we  make  jf  =;0 
weshaUhave        «ssl,  and  we  may  find  the  product  of /xgX ft  by 

19  J     1 
simple  substitutionst  for  putting  1  for  x  in  the  equation  «= ,  we 

8 
find  vs6,  and  putting  6  for  «  in  the  equation  <a — EjL.,  we    obtain 

<a7;  and  7  for  <  in  S^^^^^iniweget  8=111;  lastly,  putting  111 

720S+1 
forS  intheequation/XgXfts — gjg — we    find  the   product  of  the 

pinions  to  be  229,  for  720  X 1 1 1 + l-r349=229. 

As  the  number  229  found  for  the  value  of  the  product  of  the  pinions 
/XgXft^ia  a  piime  number,  which  cannot  be  decomposed  into  several 
fiBMStora ;  and,  as  it  exceeds  the  number  of  leaves  that  can  be  given  to  a 
pinion,  it  will  be  necessary  to  seek  for  another  more  ccmvenient     If, 


instead  of  making    o    =y,  it  had  been  made  successively  equal  to  1,  to 

2,  to  3,  &c.,  we  diould  have,  as  the  product  offxgxh.  other  numberst 
949,  1669,  2389,  &c.,  foimed  by  the  continual  addition  of  720  to  229  ; 
but  as  these  new  products  are  prime  numbers,  or  composed  of  factors 
too  great,  to  be  the  numbers  of  the  leaves  of  pinions,  or  give,  as  the 
product  of  the  wheels,  numbers  composed  of  factors  too  great,  they  can- 
not be  employed.  In  a  word,  this  article  is  not  demcMHstrated,  because 
there  are  no  rules  to  enable  us  to  determine  whether  a  number  resulting 
from  these  compositions  will  be  a  prime  number,  or  composed  of  seve- 
ral factors  of  a  certain  quantity. 

As  the  number  229  cannot  be  the  product  of  the  several  pinions 

^  y^  ^,  ft,  we  must  search  for  another,  which,  being  multqplied  by  349, 

shall  give  a  product  too  great  by  2  or  3,  to  be  divisible  by  720 ;  that 

.     349X/Xgxft— 2      349x/Xfl'XAp-3 
IS  to  say,  we  must  make ^^ or ssx equal 

to  a  whole  number,  represented  by  S,  repeating  the  operations  above 


64 


irtrifBEBf   TOK   ▲  TBOnOAL  TBIB. 


explained,  in  the  case  where  it  was  reqoiredy  that ~=~ 

should  be  a  whole  number ;  and  we  shall  have  the  following  6qaatioii8« 
which  will  differ  from  the  first  only  in  this,  that  they  will  contain  +2  and 
—2,  or  +3  and— ^,  instead  of +1  and  —1,  which  were  in  the  first 


fxgX^« 


720  8+2 
349 


8  =  849  t—2 
22 

<=:  a2p  +  2 
19 

tJaa  19   X  —2 

~3 


or 


720  8+8 
fXgXh^      349 

8=8491—8 
22 

(  =  22v+8 


19 

»=2^£---8 
8 

x=z      8 


But  if  to  find  the  value  of  the  products  of  the  pinions  fx^Xh,  we 
substitute  in  these  two  new  series  of  equations  2  or  8,  in  the  place 
of  Xj  in  the  value  of  v,  then  the  value  of  v  in  the  room  of  ^  and 
that  of  <  in  the  room  of  8,  and  the  value  of  8  in  that  of  the  product 
of  the  pinions  fXgXh,  we  shall  find  for  that  product  468,  which  is 
the  double  of  229,  or  687,  which  islbe  triple  of  229:  and  as  we  re- 
jected 229,  because  it  was  indecomposable,  and  too  great  to  be  die 
number  of  the  leaves  of  a  pinion,  we  must  reject  also  the  two  nuni% 
bers  458  and  687,  which  both  have  the  same  iiumber  229  as  one  of 
their  factors.  But,  if  we  endeavor  to  find  for  the  product  of  the 
pinions /xgX&,  a  number,  which,  being  mult^lied  by  849,  shall 
give  a  product  too  great  by  4  units,  to  be  divisible  by  720,  that  is  to 

say,  if  it  be  required  that ^^^. should  be  a  whole  number, 

^  720 

we  shall  have  the  following  equations,  urtiich  will  diflfer  fifom  the  for-^ 

mer  only  in  this,  that  they  will  contam  +4,  or  —4,  whereas  the  first  CQn<i 

tained+1,  or — 1. 

/XgX^=g720S+4 

349 

8  =  849^-4 

22 

/  =:  22  0+4 


19 
t)  =  19 
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19  X    1 

Jbid  as  the  value  of  the   whole  number  v,  10  compoied  of 

3 


18  X     3       X  —  1 

tfiese  two  parts, 1  — ~ —     and  as  the  first  of  these  two  parts, 

o  3 

18  X    -  3  X      1 

is  a  whole  number,  the  second  part, — _»  will  also  be  a  ^diola 

3  3  f 

number,  or  equal  to  y  or  zero*    Now,  if  It  is  known  that  ?^—  »  0, 

8 

we  shall  have  «  =  1. 


19^ ^ 

Substituting  1  for  «  in  — - — rvalue  of  v,  we.shaU  have  9  »  6« 

3 

Putting  6  f<Mr  V  in  — ^^  value  of  <,  we  shall  find  ^  ■■  6. 

349^—4 
Putting  6  fiv  <  in ,  value  of  S,  we  shall  have  S  ■■  96. 

22 

Finally,  putting  95  for  8  in  2?!L^ili  value  of/xgxA,  we  shall  have 

fxgxh  ss  196 :  because  720x96+4-4-349  =  196.  Now,  the  number 
196,  found  as  the  value  of  the  product  of  the  fMnions/x^xh,  ia  decom- 
posable into  the  three  Actors  4, 7, 7,  which  can  be  the  numbers  of  die 
leaves  of  these  three  pinions,  therefore  these  pinions  are  determined* 

Todetermine  the  numbers  for  the  teeth  of  the  three  wheels  ABC,  we 
shall  resume  the  equation  AxBxC  »  730ftf  x/xgX^  which  we 
found  at  the  beginning  of  the  solution;  and  putting  196  fcnr  the  pro* 
duct  of /xg  X  ^t  we  shall  find  A  X  B  x  C  »■  143175TtT;  for  730 
X  720+349  X  196-i-720  =  143176tH-  Neglecting  the  fraotioD  tH 
that  we  proposed  to  reject,  we  shall  have  for  the  i»oduct  of  the  wheels 
ABC,  the  number  143176,  which  will  decompose  easily  into  these  three 
factors,  26,  69,63,  that  can  be  the  numbers  ibrthe  teeth  of  the  three 
wheels  ABC. 

Therefore,  to  cause  the  wheel  A  make  one  turn  in  365  days,  5  hours, 
49  minutes,  or  nearly  so,  by  means  of  a  wheel-work  led  by  a  pinion  A, 
placed  on  the  hour-wheel,  (otitis  commonly  called  by  cloch-makerij  ol- 
ikough  iU  rem>hUion  take$  12  hour$j)  of  a  clock,  we  may  make  use  of 
three  fidieels  ABC,  the  numbers  of  whose  teeth  must  be  83,  69,  and  25, 
and  three  pinions/,  g,  h^  the  number  of  whose  leaves  will  be  4, 7, 7. 

In  place  of  the  pinion  h  turning  round  in  12  hours,  let  us.  sq^ 
pose  it  to  go  round  eveiy  24  hours;  196,  die  number  found  fo;  the 
pinions,  must  now  be  doubled  also,  that  is,  it  must  be  392 ;  the  pi^ 
nions  will  then  be  8,  7,  7,  and  the  wheels,  as  before,  83, 69, 25,  whicli 
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hourst  48  minutes,  58  seconds,  46^  thirds,  being  the  time  that  the  wheel 
A  will  take  to  make  one  revolution,  and  less  than  the  proposed  time  by 
1  second,  l^fi  thirds.  Hence,  we  remark,  that  the  fraction  ytiri  which 
has  been  neglected  in  the  product  of  the  wheels,  will  not  cause,  (on  ike 
Ume  of  ike  revoUUion  requiredy )  an  error  of  more  than  1  second,  13^ 
thirds,  and  that  it  would  take  near  2940  years  before  this  error,  in  being 
multiplied  into  itself,  could  mount  up  to  an  hour,  or  49  years  before  it 
would  come  to  1  minute. 

PROBLEM. 

To  find  the  numbers  of  the  teeth  of  the  wheels,  and  leaves  of  pinions 
of  a  machine,  which,  being  moved  by  a  pinion  (in  a  clock)  that  makes  a 
revolution  in  an  hour,  shall  cause  the  last  wheel  in  the  machine  to  make 
a  revolution  in  29  days,  12  hours,  44  minutes,  3  seconds,  and  12  thirds, 
being  the  time  of  a  mean  synodical  revolution  of  the  moon. 

SOLUTION. 

Let  A  (No.  5,  Plate  I.)  be  the  wheel  which  it  is  proposed  shall  knake 
a  revolution  in  29  days,  12  hours,  44  minutes,  3  seconds,  and  12  thirds  ; 
ky  flie  pinioD,  which  placed  on  the  arbor  of  the  centre  wheel  of  a  clock, 
like  it  shall  make  a  turn  in  an  hour ;  and  BC,  two  other  wheels,  and/,  g-, 
two  other  pinions,  by  whose  means  the  motion  of  the  pinion  h  will  be 
communicated  to  the  wheel  A. 

The  pinion  h  making  one  turn  in  an  hour,  or  24  turns  in  a  day, 
il  will  make  696  turns  in  29  days,  and  708  turns  in  29  days,  12 
kmiffib 

A  minute  being  iV  or  af  gl|||o  of  an  hour,  the  pinion  h  will  make 
iiltm  turns  in  44  minutes. 

A  second,  being  tsVf  or  si88oo  of  an  hour,  the  pinion  h  will  make 
ftiWflo  turns  in  3  seconds. 

A  ftlurd,  being  airtoo  of  an  hour,  the  pinion  h  will  make  ailgoo  turns 
m  12  thirds. 

So,  while  the  wheel  A  makes  one  turn,  the  pinion  h  will  make 
70&HHH  turns,  or  708tSVr  turns,  in  dividing  the  two  terms  of  the 
fraction  by  192.  But  the  product  of  the  wheels  A  x  B  x  C,  is  equal  to 
the  product  of  the  pinions /xgX^  multiplied  by  the  number  of  the  turns 
Ihat  the  pinion  h  makes  during  one  turn  of  the  wheel  A.  We  shall  then 
have  AxBxC  =/xgxAx708f,VV- 

Therefore  when  it  is  required  that  the  wheel  A  should  make  a 
turn,  exactly  in  29  days,  12  hours,  44  minutes,  3  seconds,  12  thirds, 
we  must  take  for  the  product  of  the  pinions  fXgXh,  a  number  which 


ma/  be  equal  to  tbe  denominator  of  the  fraction  /Mrt  or  which  mqr  be 
a  multiple  of  that  denominator. 

But,  in  taking  the  number  1126  for  the  value  of  the  product  of  the 
pinions  fxgxh^  and  substitutiDg  it  in  the  place  of  this  product  in  the 
equation  A  X  B  X  C=/x g X  hx708-i^tVit  we  shaU  have  for  the  value  of 
the  product  of  the  wheels  AxBxC,  the  number  797326,  which  cannot 
be  decomposed  into  factors  fit  to  be  the  numbers  of  the  teeth  of  two  or 
three  wheels.  The  wheel  A  therefore  cannot  be  made  to  perform  a 
revolution  in  29  da/s»  12  houn,  44  minutes,  3  seconds,  and  12  thirds ; 
and  it  will  be  requisite  to  find,  as  the  product  of  the  pinions /x^xA,  a 
whole  number,  which,  being  multiplied  by  708iWrf  "^&y  give  a  pioduet 
approaching  as  near  as  possible  to  a  whole  number. 

In  searching  for  the  product  •of  the  wheels,  or  endeavoring  to  ap- 
proach it,  when  we  have  multiplied  TlQ^ffifr  by  the  product  ef  the 
pinions  fxgxhy  the  product  will  be  composed  of  these  two  parts, 

70SxJXgxK  and  ^^^^{^f^*.    But,  as  the  first  part  708  x/XgXk 

1  l«d 

will  be  a  n^ole  number,  and  as  the  sum  of  these  two  paits  ou^t  to 

approach  as  near  as  possible  to  a  whole  number,  it  will  be  necessary 

,  .         ^                      ^       ^              ^          826 fxgXh 
to  proceed  m  such  a  manner,  mat  the  second  part ^-^ — ,  may 

approach  as  near  as  possible  to  a  whole  number. 

That  the  firaction  Tiofi —  ""^^  ^^  *®  ^**^®  *®  possible  from 

a  whole  number,  its  numerator  must  be  too  large  or  too  smaD,  only  by 
unity,  to  be  divisible  by  1125.  But  by  making  the  numerator  greater 
or  less  by  unity,  or  even  by  2,  or  3,  or  4,  or  5,  or  6,  or  7,  or  8  units, 
than  a  number  divisible  by  1125,  we  shall  find,  as  the  product  of  the 
wheels  AxBxC,  numbers,  some  factors  of  which  will  be  too  great  to 
be  the  numbers  of  some  o£  the  wheels ;  and  therefore  4t  will  be  ne- 
cessary to  proceed  in  such  a  manner,  that  the  numerator  of  the  frac- 
tion may  be  9  units  too  small  to  be  divisible  by  1126 ;  that  is  to  say, 
having  added  9  to  the  numerator  826x/x^xA,  we  shall  suppose  the 

new  fraction   ifof eqvoil  to  a  whole  number  represented  by 

S,  which  will  give  this  equation,  —   ngg       '  ™^- 

Proceeding  now  in  this  problem  as  we  did  in  the  former,  and  mul- 
tiplying both  members  of  this  last  equation  by  1126,  then  taking  9 
from  each,  and  dividing  the  remainder  by  826,  we  obtain  the  equation 

/XgXfc  =  • — ^^ ,  which  is  composed  of 

o«o 


66  itnimstts  fOB  a  hvnktiowk 

?l£^g^  and  *^^^^ :  pot  this  last  part  of  the  eqaation,  — ^r^  «<,  wa  thail 

hava  999  8—9^886  f 
S99  S»826  1+9 

S«    ^^  ,  wbich  18  compoaed  of  -jjj-^a  «•  and     ^^  .    Put  thea 

!SLf±i^,  and  we  have  99S  t  +9»999  v. 
989  ' 

998l»999ih-9 

f«— Ig—,  which  ia  compoaed  of  -^- 


and?^:?  which  8ay««.    Then71tH-9«298« 

7lft=998«4-9 

9»898a;+9     ....  .    ,913 « 

— ^-       ,  which  la  compoaed  of  — -  -— 

and^i|iiwhichBays»».    Then  15  « +9=71  y 

15  «:»71  y^9 

-~ — ,  which  18  compoaed  of  rr"**  9 

tiidii*=?  which 8ay«».    Thenlly— 9=15« 
15 

Uy=t5x+9 

yas — rp—  which  11  compoaed  ™ -TT"— * 

ud  li—l^  which  aay^OL.    Then  4  s+9»n  fc 

4asll&^9 

11  & — 9     t .  i_ .  J    ,8&— 8 

J8s=~_ ,  which  la  compoaed  of — j — 


tad  ^^   which  Bay  t±^    Then  3  &^1»4  A 


obtain  the  nine  foUewiog  equationa :    lat, 

«d, 


3ftes4A  +  l 

fcssi^^  ,  putting  then  As^  we 

-        t«=        3 
11&— 9 

15*+9 
3d,        ^         y="u- 


4th, 


71JH-9 
15 


998  x+9 
5th,      -         *.=^- 

6th,    -     «— sr 

IISS  S— 9 
8th,      /XjX*=-gg 

896 
•tb,   AXBXCs/Xs:X&X706^ 


a  • 
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Afl  the  Ist  6quati<xi  gave  ftaaS,  if  we  put  3  for  ft,  in  the  2d,  w^  ahaO 
bave  «=6,  for  11  x8  —  9s:24-i-4«>6. 

Puttiiig  6  for  X,  in  the  3d,  we  get  ysQ,  for  16x6 +9=99-^1 1=9. 

Putting  9  for  y,  in  the  4tfa,  we  find  xss42,  for  71 X9  — 9«-630-4-16«42. 


Putting  42  for  x»  in  the  6th,  we  obtain  v=136,  for  228  X  42+9^9686 
-i-71  =  136. 


ing  136  for «,  in  the  60,  we  have  <=  177,  for  299  X 135—9—43066 
-i-228»177. 

Putting  177  fort,  in  the  7th,  we  get  8=489,  for  826  Xl77+9=14iS211 
-s-299=489. 

Putting  489  for  S,  in  the  8th,  we  find/x  g  Xfc»i666,  for  1 126  X  489^-9 
«-:660116-4-826=666. 

Lastly,  putting  666  for  fxgxh,  in  the  9th,  we  have  AxBxCss 
472017  —  ttVt,  for  70&Ta,VVx666 -472017—  tAt- 

The  number  666,  found  as  the  value  of  the  product  of  the  pinions 
fXgXh^hemg  reducible  to  these  four  factors,  2,  3,  3,  37,  they  may 
be  compounded  into  these  three,  3,  6,  37,  which  may  be  the  numbers 
of  the  leaves  of  three  pinions ;  and  the  number  472017,  which  has 
been  found  for  the  product  of  the  wheels,  neglecting  the  negative  fnu> 
tion — 1 A  8»  being  composed  of  these  factors  3, 7,  7, 13, 13, 19,  they 
may  be  divided  into  these  three  sets,  (3x19),  (7x13),  (7X13),  equal 
to  these  three  factors,  57,  91,  91,  which  may  be  the  numbers  of  the  teeth 
of  the  three  wheels :  it  is  therefore  proved  that  the  problem  is  solved. 

It  is  to  be  remarked,  that  the  negative  fraction  — ttVt9  neglected  in 
the  product  of  the  wheeb,  and  by  which  this  product  is  rendered  greater 
than  it  ought  to  be,  to  cause  the  wheel  A  make  one  revolution  in  29  days, 
12  hours,  44  minutes,  3  seconds,  12  thirds,  will  not  produce,  (in  the  time 
of  the  reookUion  of  that  whed)  an  error  of  more  than  2-H  thirds.  For  if 
we  seek  for  the  number  of  revolutions  which  the  pinion  h  will  make  dur- 
ing a  revolution  of  the  wheel  A,  dividing  the  product  of  the  wheels 
472017,  by  the  product  of  the  pinions  666,  it  will  be  found  that  this  pin- 
ion hj  which  makes  a  revolution  in  an  hour,  will  make  708  revolutions, 
which  correspond  to  708  hours,  or  to  29  days,  12  hours,  and  there  will 
Temain  489  revolutions,  or  489  hours,  which  being  divided  by  666,  will 
give  44  minutes,  3  seconds,  and  14-ff  thirds. 

The  time,  therefore,  which  the  wheel  A  will  take  to  make  a  revolution, 
will  be  29  days,  12  hours,  44  minutes,  3  seconds,  14|4  thirds ;  conse- 
quently will  exceed  the  proposed  time  only  by  2|^  thirds. 
/ 
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The  piniim  ht  which  is  three  here,  heing  lather  too  low  a  ouoiber 
for  practice,  it  would  be  as  well  to  make  it  three  times  that^  which 

will  be  9 :  consequently  both  pazts  of  the  fraction  _-; — --  must  be  mul- 

^        -^  "^  472017 

1998 
tipfied  by  3,  the  fraction  now  wiH  be  ,  representing  the  wheels 

and  pinions  multiplied  into  one  anodier,  and  this  when  decomposed 

will  ffiye  for     <  P™*^*^ —  X  —  X producing  the  same  result  as 

®  I  wheels  91  x  91  X  171 

above,  29  days,  12  hours,  44  minutes,  3  seconds,  14ff  thicds. 


■•• 


The  late  James  Ferguson,  who  was  equally  emin^rt  as  a  writer  as 
well  as  a  lecturer  on  Natural  Philosophy,  being  in  Edinburgh  about 
the  year  1767,  was  so  obliging  as  to  communicate  to  us  a  description 
of  the  wheels,  pinions,  and  endless  screws,  in  a  train  of  wheel  work 
to  produce  a  mean  synodical  revolufion  of  the  moon,  mentioning  that 
they  were,  (as  he  supposed)  computed  and  invented  by  Mudge,  but 
at  that  time  no  account  of  diem  had  been  published,  W  was  so  till 
long  afterwards.  The  eSect  of  this  train  makes  the  revolution  equal 
to  29  days,  12  hours,  44  minutes,  and  .3  seconds.  It  is  perhaps  as 
ingenious  a  mechanical  contrivance  as  can  well  be  imagined,  and  was 
executed,  and  put  to  a  clock  by  Mudge  himself,  for  his  sincere  noble 
friend  and  patron,  his  Excellency  the  late  Count  Bruhl.  A  particular 
description,  and  a  drawing  of  this  contrivance,  may  be  seen  in  a  book 
published  in  the  year  1799,  by  Mudge's  son,  chiefly  intended  for  giving 
an  account  of  the  merits  of  his  father's  time-keepers.  This  lunation  of 
Mudge's  being  so  very  curious  a  piece  of  clock-work  for  showing  the 
moon's  age,  we  shall  give  an  account  of  it,  taking  the  description  from 
the  publication  now  alluded  to. 

''  There  are  no  numbers,  nor  method  that  I  have  seen,"  says  Mr. 
Mudge,  ^*  by  'vi^ch  the  mean  motion  of  the  moon  can  be  represented 
more  coirectiy  than  by  those  in  No.  2,  Plate  I.  or  a  multiple  of  them, 
where  A  is  a  wheel  that  goes  round  in  24  hours. 

B  a  pinion  with  8  leaves. 

O  a  ^eel  with  45  teeth. 

D  a  pinion  with  8  leaves. 

£  a  wheel  with  42  teeth,  which  carries  the  moon 
tm  its  axis  in  29  days,  12  hours,  and  45  minutes.  But,  as  from  these 
numbers  there  is  an  error  of  57  seconds  in  one  revolution  of  the  moon, 
i  propose  to  correct  that  error  by  the  method  in  the  scheme  re- 
presented  in   Plate  I.    No.  3  and  4.   the   latter  of  which  is  a  la- 
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tfliil  new  of  the  formert  and  in  botfi,  the  sane  parts  are  repreaenied 
by  the  same  letters.  F,  No.  4,  is  a  stud  fixed  in  the  plate,  at  the 
hpttani  of  which  is  fixed  the  pimon  8  innnovably.  The  wheel  A  moves 
fieety  round  on  the  stod  F,  onoe  in  24  hours*  On  the  whed  A  moTes 
the  wheel  6,  and  is  carried  along  with  the  wheel  A,  round  the  stud 
F.  The  teeth  of  the  wheel  b  ran  in  the  pinion  a,  on  the  axis  of 
which  diere  is  an  endless  screw  c,  that  rune  in  the  teeth  of  the  wheel 
df  which  wiieel  is  also  fixed  to  the  wheel  A,  to  the  plane  of  which  its 
axis  is  paraOeL  On  tiie  axis  of  the  iHieel  d  is  another  endless  screw 
«,  which  runs  into  the  wheel  /:  This  wheel  is  also  fixed  to  the  wheel 
Ay  and  its  axis  goes  through  itt  and  has  on  the  upper  side  of  it  a 
pinion  of  3  leaves  or  pins,  g^  which  runs  in  the  wheel  kj  which  wheel 
h  moves  round  the  same  stud  that  the  wheel  A  does,  and  has  fixed 
to  it  ^  pini<Hi  B.  The  pinioD  B  in  No.  2,  is  fixed  to  the  wfaed 
A  that  goes  round  once  in  24  hours.  The  pinion  B  in  No*  d«  and 
4t  is  fixed  to  the  wheel  ^  and  has  a  relative  motion  to  the  wheel  A 

,^,^,,  of  a  revolution^  in  the  space  of  29  days,  12  hours,  45  minutes, 
1516H 

which  is  equal  to  57  seconds,  the  error  that  was  to  be  removed. 

"  The  other  wheels  that  are  moved  by  the  pinion  B  are  the  same  as 
in  No.  2.  The  numbers  for  effecting  the  motion  of  the  pinion  B  on 
the  adieel  At  are  as  follows : 

Pinion  a    -    -    -  19 

Wheel  6    ...  45 

£ndless  screw  c  •  1 

Wheel  d    -    -    .  21 

Endless  screw  e  -  1 

Wheel/   ...  46 

Pinion  g   -    *     -  3 

Wheel  h    '    -    -  60  on  which  is  fixed  the  pinion  B. 

The  mean  motion  of  the  moon  from  this  contrivance  will  be  exceedingly 
near  the  truth,  as  one  revolution  will  be  completed  in  29  days,  12  hours, 
44  minutes,  3  seconds."* 

All  diis  correcting  work  hangs  on  the  24  hour  wheel  A,  and  is  carried 
round  with  it ;  both  the  endless  screws  are  right  handed. 

In  1321912  days,  the  correcting  wheels  cause  the  lunation  wheel  to 
turn  once  more  round  than  it  would  do  without  them  ;  then,  as  1321912 
is  to  29.53  days,  the  time  of  one  lunation,  so  is  2551443,  die  number 

'^The  MS.  note  of  Ferguson's,  in  possession  of  the  Editor  of  Mudge^s  Lunation 
Work,  is  what  we  gave  him  many  years  before  the  above  work  was  given  to  the 
public. 
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of  seconds  in  a  lunationt  to  66.996,  which  may  be  reckoned  67  se* 

condSf  as  it  is  within  the  hundredth  part  of  a  second. 

The  product  of  all  the  pinions  and  screws  multiplied  into  one  ano-» 

ther  is  3648,  and  the  product  of  the  i^eels  multiplied  into  one  ano- 

,48223365000 

ther  is  48223366000,  and — «1321912. 

0040 

Finding  that  a  mean  lunation  could  begiyenby  three  pinions,  and 
three  wheels  simply,  as  given  by  Camus,  we  sent  them  to  Count  Bruhk 
to  show  how  it  differed  from  Mudge's,  and  seeing  it  could  be  easier 
made.  His  Excellency  had  some  doubts  as  to  the  correctness  of  Ca« 
mus's  numbers,  and  was  not  satisfied  till  he  got  the  calculation  made 
out  by  another.  He  spears,  either  on  this  or  a  former  occasion,  to 
have  miade  application  to  Mr.  Mudge  himself  on  the  subject,  if  we  may 
judge  by  a  letter  of  Mr.  Mudge's  to  him,  of  which  the  following  is  an 
extract: 

■  ^  But  totally  had  forgot  the  process  you  wished  to  be  in- 
formed of,  and  find  I  cannot  so  easily  recover  any  particular  train  of 
thinking  as  I  could  formerly ;  and,  indeed,  I  almost  despaired  of  find- 
ing the  meaning  of  the  fraction .    However,  after  having  gone 

over  the  same  ground  I  did,  when  I  first  contrived  this  approxima- 
tion, I  think  I  have  perfectly  recovered  it,  and  will  explain  it  in  the 
best  manner  I  can,  though  I  fear,  not  so  intelligibly  as  I  could  wish. 
The  first  mover  is  a  wheel  that  goes  once  round  in  24  hours,  on  which 
is  supposed  to  be  fixed  a  pinion  of  8,  which  runs  in  a  wheel  of  46 
teeth,  to  which  is  fixed  a  pinion  of  8  or  4,  which  runs  into  a  wheel  of 
42  or  21,  which  wheel  will  go  round  once  in  29  days,  12  hours,  46 
minutes,  or  29i^  days :  this  is  the  imperfect  lunation,  but  the  most 
perfect  that  can  be  produced  by  simple  numbers.  In  order  to  ap- 
proximate it  still  nearer  to  the  truth,  J  considered,  that  if  instead  of 
fixing  the  pinion  to  the  wheel,  which  goes  once  round  in  24  hours,  it 
was  made  to  move  round  the  wheel  very  slowly  the  same  way  that  the 
wheel  moved,  it  would  accelerate  all  the  wheels  in  the  train  that  was 
moved  by  the  pinion ;  and  the  time  in  which  it  is  to  make  one  com- 
plete revolution  on  the  wheel,  (which  is  equal  to  24  hours)  is  found 
by  dividing  the  seconds  that  are  in  24  hours,  by  the  error  of  the  im- 
perfect lunation,  viz.  86400-§-67=1615ii,  or  86400-^l$6x=16424,  in 
which  number  of  lunations,  the  error  of  67  or  66  seconds  will  amount 
to  24  hours.  If  then  you  divide  1616^  into  two  quotients,  as  sup- 
pose 1616 -s-90=16'{4,  these  two  quotients  multiplied  b^  the  two  quo- 
tients that  produce  the  imperfect  lunation,  viz.  &f ,  and  61,  (or  if  re- 
duced  to  one  quotient  29^^)  will  give  the  number  of  days,  or  revolU'< 
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IkMiB  the  fivaft  wheel  must  maSie,  to  increase  the  error,  67  seemids  to 
one  complete  daj,  in  which  time  the  pinions  move  once  round  on  the 
wheel :  The  approximating  numbers  then,  in  the  first  suppoaitioni 
win  stand  thus:  Spfauoa,  wheel  15,8—42,1^90,19^320;  Oese 
reduced  to  thor  lowest  denominations,  die  ratio  of  the  pinions  to  the 
wheels  remaining  die  same,  will  be  1 — 46,  aod  1 — 21,  1 — 46, 
19 — 20 ;  all  the  pmionH  or  endleds  screws  (which  i^  the  same  thing) 
multiplied  by  each  odiei',  will  (Hrodbce  19,  and'all  the  wheeb  multiplied 
fflso  by  one  another,  will  produce  860600,  and  the  denominator,  divided 
by  die  numentor,  will  give  die  number  of  ijaysiin  wWeh  67  seooads  in 
one  hmoHon  wiQ  amount  to  24  hours,  the  time  employed  by  ooe  revo- 
lution of  the  first  iriieeL  I  shall  only  just  add  die  nundbers  nece»- 
aary  to  coaect  the  error  of  66  seconds,  leaving  the  process  to  yow 
Excellenqr. 


4,  wheel  46,  1  —  16,  1—46,  1—6, 
19)86d600(a-4476aAibr67  seconds. 
4)123260(a30662ifor  66  seconds.*^* 


TABLE  L 

Vke  Pericdkd  ReKH)hiimi$  1^  the  Plm^ 
noXfiakmJhmLalmMMAdnmcmif^  ^idi&mVnz. 

Mercuiy 87    W    14    82.7 

Venus 224F   19    41    W*T 

TheEardi 866^  6      48    48e 

Mara  .        p        .        .        .  686    22    18    27,4 

Jupiter  .        .        ,        .        ,       4880    14    89      2.8 

Saturn  .....      J0746    19    16    16.6 

• 
The  Geoigium  Sidiisis  pmposely  omitled  being  taken  firom  Lalande^ 

Daja.  h.  n.  Sb 

revolutioB  of  die  Moon             27    7  48  4.6796 

revdkitiolirofdo^        .               29  12  44  Z&t&&* 
10 
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Synodkal  Rnohtionsofiht  SaidUUs  ofJvfUer* 


DajB.  h. 

m. 

fl. 

Ist 

1     18 

28 

36 

2d 

a     13 

17 

54 

dd 

7      3 

69 

36 

4th      - 

-       16     18 

6 

7 

Days.    BoL     h.         s. 
Sjmodkal  retolution  of  Jupiter       398    19    12    64.16 


TABLE  U. 


Whtd   Work  emphyed  by  A.  Janvier  m  his  Sphere  MamfmUf  and 

calculated  by  him  1o  imiUUe  the  periodical  reoohdione  of  the  PUu^ 
eta. 

Mercury. 

Days.    h.     UL      8.      th. 

i2     .^    ,^i   =  87    23     14    30    22 


Wheels    80    140    179/ 


Vemu. 


Ffauons      7      17      37^    _        224    16    41    2fi 
Wbeeb    62      81    197/    "        ^^    *®    *^    ^^ 


N  Tike  Earth. 


Mare. 

*  *  » 

Pinions      6        6      71 ) 


Wheeb    89    1^    144} 


»        686      22     18    35 


Jupiter. 

JK: .?  «*  8,' iS  I  =  «»  u  »  . 
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Sofiim. 

Dtyi.     1l     m.     8. 

PiniODB        4     6     8     37)  inWiiA      ia      ia      9e 

Wheob    82  92»2  11o}    =     *^*«    "    "    ^^ 

The  wbtoel  of  tba  dock  irtiich  acta  as  a  mover  to  these  wtaesiB  and  pi- 
nions makaa  revolutioD  in  24  hours  a  66400  seciHids. 


TABLE  nL 


Whed  Work  temng  to  imitaU  the  m/nodieal  reoohUumi  of  the 

of  JvfUet^  (conducted  bg  a  whed  uhoH  reooklion   is  made  t»  34 

houre  =  86400  eeconde.) 

Dtyi.    h.    m.    ■•    tfa. 

Finrt   SaleUhe     {*^    J    JJ  »5J}=     1    18  28  86  87 


SocoDd   Satellite {™Jj;    J    }»}-     8    18   17  68  41 

'^^   S.***^    {]^         j;    JJ}=     7      8  69  86  88.1 

Fourth  Srtellitej^        «*    JJ}"   "    «     6    4  18 
iBvdution  of  Jupiter  from  a  mover  of  7  days. 


Wheels        iaSlS}=  3^1^    12  54 


TABLE  nr. 


Whed  Work  empkyed  to  ftoduee  the  different  moUone  and  reedkiiume 

of  the  Moon. 

Days.  h.  m.  fl.    th. 

Periodical    revolution  i  Pinions    3    20     19  )       vt  tASk  a  oill 

ifromamover of  24  houre  (  Wheels  23    37    61 )  *  "^^   t  m  *  ^©t 

Sjnodic«lReToh,tion{^Jf    JJ  ,g}  =  29  1244  262W 


M 


nuwBKaM 


ivMrsft^s  BitMLLxfZB. 


DftjB.     h.    iriw 


Wheel  work  fe  file  revo- («.        g  ^    ,-.) 

lutionofthe.p(«eeofaieJ{^  8 

mdoD9moverof24  boiirs.  I  J 

bays,  iu    itu 

%K^^  ^mv    V  AA         i  Pinions  10  18    31  > 

aiQWoTJT    7  4S         jwheeis67  74  113  J 


Bevolution  of  the  nodes  (  Piiiidbs 
by  a  wheel  N  = 


(Pinions  10    18    31 
)  Wheels      106  259  | 


25    6sf 


=  8281      8   44 


=  6798     5 


tfhtd  vf&rk  caleulaied  (a$  ihfi  preceding  wa»)  by  A.  Janvier,  to  oh^ 
tain  an  anmud  revohdian  of  (he  Earthy  exactly  conformable  to  thai 
of  the  pregent  Jbtronamical  Thblet. 

thfes  h.  nk  8. 
]^ona  10  )2  16 1  ^^^  k  aa  ax^ 
tVheels    47    ^2  869  J  ""    3(J6   5   48  48 


tABLE  V. 

ii  Htof  ffumherifor  Wheels  and  ptntoitt,  aa  gioen  by  Ih.  Pearmm^  td 
produce  the  tme  of  the  Repofiiftume  of  Jiqntai'e  SaidUUe^  from  a 
mover  of  24  hoars. 


iSat 

Wheela  aad  pinion^ 

Peribda. 

Errors  in  84  bdurs. 

8d 

—  of  24  hours 

09 

Days.    b.    m.     s. 

m.    8. 

Ist 

1      18  27  41 

—     0  30.* 

2d. 

27 

^of  ditto. 

96 

* 

8      18  20    6 

+     0  86;d 

3d. 

Y^«f  ditto. 

7       4     0    0 

+     0    3«4 

4th 

m  '^  ^ 

16      18     0    0 

—    0  18.0 

llie  seconds  in  a  day  are  86400,  and  86400x69-4-89=152861.64  se* 
tOBds»l  dayt  18  hours»  27  minutes,  41if  seconds. 


mmtaam  #ott  Jfiriram^t  nAnLuns 


77 


fji$filkmmgmt9  Ou  mmAm  wkiA  hme  OrBoiji  bmmgmmefJm' 

wn»$^  only  dijerm%  mrrangtJL 


TnSaa. 


>■!       tW  I       IIIP|I|I|»"»       I"*! 


l8t 


hm^w'"'^ 


%l 

^xHx-^di^. 

u. 

5?xiL^of«ito. 

4(h. 

61       78    -  j.^ 
-J-  >C  ^  of  ditto. 

PmUMS  plOdlMM* 

1    18   38   85    87 
8    13    17   58  41 


7     8   59   85    88 


16    18     5      4    13 


JitahUofikB  mmben  of  the  wheOa  and  pMom  to  ghi  the  renoht^ 
Hirnt  of  JupUef^e  SatdUee,  ae  ealadaUd  6jf  Dr.  Pearmm,  the  9th 
JpM^  1609^  from  a  mover  of  $eundmi§. 


1st 


3d. 


8d. 


4tb. 


I. 


Tniiii. 


ByDodini  Period«i 


«1     21    ^^ 
— X —  of  ditto. 


139  ^83       -  ,.^ 
■sttXtts   of  ditto. 
89     103 


— X — of  ditto* 
88    87      ^^ 


D.    h.    m.    B, 
1  18  88  36.4086 


8  18    17  54.4363 


7    3   59  35.8955 


16  18     '5    3.4433 


I 


The  periods  produced  by  the  numbera  in  the  above  Table  af^rroadi 
io  naariy  to  those  given  as  the  result  of  a  great  many  observationSf 
Uiat  the  J  may  be  depended  upon  as  the  nearest  approsdmalion  to  truth* 

Let  the  train  for  the  6f^  satellilein  Ibelaat  table  be  takenas  an 
t&xample,  ivherQ  tl^  puonei  are  49  and  35,  and  the  wheels  57  and 
85.  The  wheels  57  and  85,  multiplied  into  one  another,  give  for 
product  4S46»  and  the  product  of  the  pinions,  multiplied  together,  is 


f8 
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1226 
12269  by  which  they  become  the  fraction of  seven  days.     Mul 

tiply  then  the  numerator  1226  by  7,  the  days,  diyide  the  product  by 
the  denominator  4846^  the  quotient  will  be  one  day ;  the  remainder, 
multiplied  by  24,  the  hours  in  a  day,  this  product,  divided  again  by  4846, 
the  quotient,  will  be  18  hours.  Multiply  the  next  remainder  by  60,  for 
minutes,  and  divide  the  product  by  the  former  divisor,  and  the  quotient 
will  be  28  minutes,  the  last  remainder  being  multiplied  by  60,  for  seconds, 
and  this,  divided  as  before,  will  be  36.4086  seconds.  The  first  wheel 
making  only  one  revolution  in  seven  days,  makes  it  necessary  to  multih 
ply  the  numerator  by  seven.' 

We  shall  conclude  this  chi^iter  by  taking  the  liberty  of  giving  Dr. 
Pearson's  valuable  process  for  obtaining  numbers  to  give  the  revolution 
of  the  Greorgian. 

Dr.  Pearson  says,  "  We  come  lasdy  to  the  tropical  revolution  of  the 
Creorgian  planet,  wluch  we  have  seen  revolves  through  the  ecliptic  in 
30689.36208  days,  and  its  numbers  may  be  ascertained  by  the  following 
process: 


DiviBors. 

Dividends. 

Gtnotientt. 

Foimttki. 

• 

Ratioi. 

366.2422 

* 

27424764 

1 

9099467 
126391 

126696 
694 

30689.36208 
2921937777 

83 

1 

3 

• 
71 

1 

181 

83x1+0 
83x0+1 

1x83+1 
IX  1+0 

3x84+83 
3X  1+  1 

71 X336+84 
71X   4  +1 

1x23869+336 

0 

1 

1 

0 

83 

1 

84 

1 

336 

4 

23869 

286 

-   24204 
289 

136997431 
109672666 

36624222 
27424764 

27424764 
27298373 

9099467 
884737 

262087 
126391 

126391 
126696 

IX  286  +  4 

126696 
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*«  The  ?aliie  of  the  last  ratio  of  tUs  series  is  equal  to  83.7(^)6660 

tropical  yean,  which  difieni  from  the  exact  truth  only  unity  in  the 

seventh  i^ace  of  decimals,  but  unfortunately  it  is  not  reducible  into 

2017x13 
lower   numbers  than  -r= — r^--;  and  the  numerator  of  the  next  we- 

17x17  ^ 

cedmg  ratio  is  a  prime  number,  so  that  we  must  either  use  -j-,     which 

has  been  befixe  determined,  or  otherwise  substitute  another  quotient 

for  71.    The  most  oonTonient,  we  find  from  a  few  trials,  will  be  06, 

22194 
which  gives  theratio   ^^  ,  the  value  of  which  is  a  revolution  in 

88.760048  tropical  years,  or  80689  days,  9  hours,  8  miniites,  10.7 

seccMids,  and  is  capable  of  fonning  the  train — - — -r — ^** 

oXoo 

These  eiamples  of  all  the  primary  {rianets  given  at  fiiB  length,  and 
acconqianied  by  our  remaiks  on  them,  will  enable  any  weD  educated 
instrument'maker  to  ascertain  wboei  worii  from  any  other  data,  which 
he  may  have  occasion  to  employ,  and  will  serve,  at  the  same  time,  to 
show  that  the  two  methods  of  approximating  towards  the. truth,  where 
the  original  numbers  run  too  hig^  for  construction  in  practice,  supply  the 
defects  of  each  odier  in  particular  dises,  but  generally  come,  by  difierent 
results,  to  the  same  nuok* 

In  this  subject,  it  may  contribute  greatly  to  assist  die  artist  with  the 
management  of  figures,  by  giving  an  example  from  the  same  eminent 
master  before  quoted,  which  we  shall  also  take  the  liberty  of  transcribe 
ing: 

**  When  a  simple  motion  is  produced  by  means  of  one  wheel  and  a 
corresponding  pinion,  let  the  number  of  teeth  which  each  contains, 
be  carefully  counted  and  noted  down,  and  also  which  of  the  two  is 
the  drker;  die  numbera  of  the  wheel  and  pinion  will  constitute  a 
ratio,  which  is  a  fraction  of  that  time,  proper  or  imprq)er,  according 
as  the  driver  is  the  greater  or  smaller  number,  which  driioer  must 
be  in  all  instances  the  denominator.  The  value  of  the  fraction  thus 
constituted,  it  will  be  superfluous  to  scientific  readers  to  say,  is  found 
by  muhqilying  the  assumed  time  of  a  revolution  of  the  first  mover 
by  the  numerator,  and  dividing  by  the  denominator,  the  remaindera 
being  reduced  to  their  next  lowest  denomination  of  time,  afler  eveiy 
successfiil  division. 

^  An  example  will  render  this  simple  case  intelligible  by  every 
reader. 

**  Suppose  that  a  wheel,  consisting  of  76  teeth,  and  revolving  once 
in  a  tropical  year,  drives  a  pinion  of  6 ;  and  that  it  be  required  to 


S0  riNPurc  VBM  van  or  a  nxvouniov. 

bMminwfaat  time  Ae  latter  revolTes?    Thie  worfc  »t  f0  lei^witt 
^tandthiur: 

D.     fa.    nu    ■• 
366.24222  =::  365    5  48  48 
6 


76)31dl.463d3£l9  daTSt 
IdO 

691 
676 

16.46333 

6681383 
32906666' 

75)39437990(6  hours. 
'  376 

I9.aff099- 
60 

75))  192*7999905  DUiiHteB* 
75 

442 
S7« 

67.79999' 
60 


75(4067.99999(54.24  seconds, 
375 

317 
300 

17.9 
150 

299 
30 


DBITKB,   TBX    DENOMIMATOR.  81 

«^  Hence  it  appears,  that -/ilhs  of  365.24222  days  is  equal  to  29  days, 
6  hours,  15  minutesy  54.24  aeconds.  The  computation  may  he  cjpme- 
times  abiidged,  by  converting  the  vulgar  fraction  into  a  decimal,  where 
there  is  no  remainder,  and  then  multiplying  thereby  inatead  of  dividing. 
Thus: 

365.24222 
.08 


75)6.00(. 
600 

06 

29.2193777  days. 
24 

8775111 
43875555 

5.2660666  hours 
60 

15.9040000  minutes. 
60 

54.2400000  seconds. 

**  Either  of  these  methods  may  be  used  with  alike^iesuh. 

^  If,  instead  of  the  wheel,  we  make  the  pinion  the  driver  or  deno- 
minator of  the  firaction,  the  motion  of  the  second  mover  will  be  re- 
tarded, for  ^ths  of  365.24222  days  is  equal  to  4565  days,  12  hours, 
40  minutes.  This  difference  in  the  two  revolutions,  when  the  parts 
of  the  fraction  are  reversed,  points  out  the  necessity  of  attending  veiy 
accurately  to  the  circumstance  of  the  driver  h&ng  made  the  denomi- 
nator  of  theyiracKon." 


11 
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CHAPTER  V. 

On  Wheel  Teelh;  their  Shape,  the  Proportional  Sizes  of  Wheels  to 
Pinions,  and  of  Pinions  to  Wheels,  with  the  distances  which  their 
Centres  ought  to  have,  so  as  to  form  proper  Pitchdngs,  partly  from 
Berihoud^s  EseAi. 

OF    THE    LEVER. 

Definition. 
A  B  (Plate  II.  No.  6.)  is  supposed  an  inflexible  rod,  to  the  ends  of 
which  are  attached  two  bodies  P  and  p  without  gravity,  and  that  the 
rod  is  made  to  turn  on  a  fixed  point  H,  the  body  P  describing  the 
arc  A  a,  the  body  p  will  describe  the  arc  B  b ;  it  is  evident  that  the 
arcs  A  o,  B  6,  are  in  the  proportion  of  the  distances  H  A,  H  B ; 
for  example,  that  is»  if  B  H  is  double,  triple,  &c.  of  A  H,  B  6  will 
be  double,  triple,  &c.  of  A  a ;  then  the  body  p  will  turn  with  a  velo- 
city double,  triple,  &c.  of  that  of  the  body  P :  then  if  these  bodies 
are  equal,  to  stop  suddenly  the  body  p,  would  require  a  force  double, 
triple,  &c.  of  that  which    would  be  necessaiy  to  stop  suddenly  the 
body  P.     If  the  body  p  is  triple  of  the  body  P,  it  is  evident  that  P 
always  describing  A  a,  and  B  6,  we  might,  in  place  of  the  body  p,  sup- 
pose three  masses  equal  to  P,  each  impressed  with  the  velocity  B  6, 
and  then  the  force  required  to  stop  p,  will  be  triple  of  what  it  ought  to 
have  been  in  the  preceding  case;  but  if  the  massj},  in  place  of  being 
triple  of  P,  is,  on  the  contrary,  only  a  third,  the  force  required  to  stop 
it,  must  be  three  times  less  than  in  the  same  case  preceding,  and  it 
will  be  equal  to  that  which  would  stop  the  body  P,  the  distance  H  B 
being  triple  of  the  distance  A  H ;  if  the  mass  p,  on  the  other  hand, 
is  the  third  of  ihe  mass  P,  these  masses  can  each  be  stopped  by  the 
same  force,  then  each  could  stop  the  other.     If  we  imagine  these  two 
masses  to  have  weight,  their  efforts  to  turn  being  now  directly  opposite 
and  equal,  they  will  mutually  be  in  equilibrium.     For  a  like  reason,  it 
will  be  seen,  that  if  the  distance  B  H  is  quadruple,  quintuple,  &c.  of 
the  distance  A  H,  and  the  mass  p,  the  fourth,  the  fiilh,  ^c.  of  the  mass 
P,  they  will  make  an  equiUbrium,  from  whence  is  deduced,  in  general, 
this  principle.     If  two  masses  P  andp,  attached  to  the  ends  of  an  in- 
flexible rod  A  B,  are  such  that  the  mass  P  contains  as  many  times  the 
massp  as  the  arm  of  the  lever  H  B  contains  the  arm  A  H,  they  will  be. 
in  equilibrium. 
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Of  Wheels  and  Piniofu. 

If  round  a  point  H,  (No.  8.)  are  described  two  circles  A  a,  B  6^ 
which  have  for  radius  the  lengths  A  H,  and  H  B*  as  leiFers, 
(H  B  is  supposed  triple  of  A  H*)  and  on  whose  circumferenees  are 
wrapped  round  as  on  pulleys,  whose  centre  is  at  H,  two  threads  charg- 
ed with  the  weights  P  andp;  these  weights  will  remain  in  equilibri- 
um if  the  mass  p  is  to  that  ofP,  asHAistoHB;  and  if  it  is 
required  to  impress  on  the  weight  P,  a  force  capable  of  making  iC 
fall  in  a  given  time  from  P  to  C,  so  that  the  point  A  comes  to  a, 
then  must  the  weight  p  rise  to  d,  and  the  point  B  comes  to  i ;  the 
weight  ji,  would  consequently  go  through  three  times  more  space  than 
the  weight  P.  From  whence  it  follows,  that  any  motion  which  should 
be  impressed  on  the  weight  P,  would  be  exactly  compensated  by  that 
which  would  result  from  it  in  the  weight  p,  and  that  thus  these  two 
weights  cannot  fail  to  maintain  an  equilibrium,  or  restore  themselves 
to  it,  if  after  being  put  in  motion  they  are  lefl  at  liberty;  since  ac^ 
cording  to  the  supposition,  A  a  and  B  6  are  pulleys ;  •  and  conse- 
quently H  A  is  equal  to  H  a,  and  H  B  is  equal  to  H  6. 

It  again  follows,  that  when  two  bodies  are  in  equilibrium,  the  ve- 
locity which  they  acquire  by  any  motion  being  communicated  to  them, 
are  in  the  inverse  ratio  of  their  masses.  Now,  if  the  weight  p  is  taken 
away,  the  weight  P  will  pull  the  lever  and  the  circumference  A,  and 
make  the  point  b  turn  with  a  force  capable  of  communicating  an  ac- 
tion of  one  pound  (the  supposed  weight  of  the  body  p)  so  in  place 
of  the  circumference  B  fr,  let  us  imagine  the  radii,  or  levers  H  B, 
H  by  &c.  (No.  9.)  and  equally  distant  from  one  another,  each  o( 
these  levers  will  act  with  a  force  of  one  pound.  It  is  in  considering 
the  levers  under  this  point  of  view,  that  this  circumference  becomes 
a  wheel,  and  each  radius,  or  lever,  will  be  a  tooth  ;  if  we  make  a  se- 
cond wheel,  or  pinion  C,  which  has  radii,  or  teeth,  equally  distant 
from  one  another,  as  those  of  the  wheel  B  ;  that  is  to  say,  that  the 
number  of  the  teeth  of  C,  is  to  those  of  B  as  the  circumference  of 
C  is  to  that  of  B,  and  that  the  pinion  is  placed  so,  that  the  teeth  of 
the  wheel  can  act  on  those  of  the  pinion,  (as  in  the  figure,)  the  teeth 
of  the  wheel  will  communicate  to  the  teeth  of  the  pinion  the  force 
which  they  have  ;*  so  that  if  a  weight  of  one  pound  is  applied  to 

*  There  is  no  account  taken  in  here,  of  the  decomposition  of  the  force  in  the  pitch- 
ing and  the  friction  which  arises  from  it,  which  always  diminishes  a  part  of  the  weight 
P :  it  ia  sufficient  for  the  present,  to  view  the  wheels  as  if  they  were  without  weight, 
and  without  friction,  as  was  done  with  the  simple  lever,  supposed  to  be  without  gHLvity . 
In  the  sequel  will  be  seen,  what  the  curve  ought  to  be,  which  torminatcf  the  teeth  of 
wheels  and  leaves  of  pinions. 
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the  circuiiiference,  it  will  be  in  equilibriiiBi  wiAx  that  of  P,  nothing 
having  been  done  to  change  the  equilibrium  which  fonnerly  exist' 
ed:  and  if  tihe  wheel  and  pinion  are  ndade  to  move,  the  cncum- 
ferelice  of  the  pinion-  wiU  describe  the  same  space  as  that  of  the 
wheel,  since  each  of  its  teeth  are  equally  distant  among  themselves 
as  those  of  the  wheel;  and  the  number  of  the  revolutions  of  die 
pinion,  will  be  to  those  of  the  wheel,  its  the  circumference  of  the 
pii:don  is  to  that  of  the  wheel;  but  the  cicumferences  of  circles, 
being  to  one  another  as  then-  diameters,  or  radii,  the  number  of  the 
tevolutions  of  the  pinion  G,  will  be  to  that  of  the  wheel  B,  as  G  d 
IstoBH. 

Having  seen  that  a  wheel  which  drives  a  pinion,  communicates  to 
flie  circumference  of  the  pinion  the  same  force  which  U  has ;  let  there 
dion  be  a  wheel  and  a  pimoa,  that  we  have  supposed  to  have  the  force 
of  one  pound  at  their  cjqpumferences ;  if  to  the  centre  G  of  this  pin- 
ion, is  fixed  a  wheel  D,  three  times  larger  than  the  pinion,  it  will  de- 
scribe three  times  more  space,  and  will  have  three  times  more  velo- 
city than  the  pinion;  to  make  equilibrium  with  the  weight  F,  there 
must  be  applied  at  the  point  D  of  the  wheel,  a  weight  only  three  times 
lighter  than  p,  and  consequently  nine  times  lighter  than  P.  The 
point  D  goes  then  nine  times  quicker,  and  describes  a  space  nine  times 
greater  than  the  point  A.  Let  us  now  proceed  to  the  way  of  finding 
this  force,  in  wheel  work  composed  of  several  wheels,  and  in  a  gene- 
ral wa;f. 

It  has  just  now  been  shown,  that  the  diameters,  or  the  circumferen- 
ces of  a  wheel,  and  of  a  pinion  pitched  into  this  wheel  being  given,  the 
number  of  the  revolutions  of  the  pinion  for  one  of  the  wheel,  is  de- 
termined by  that  which  expresses,  how  many  times  the  diameter  of 
the  pinion  is  contained  in  that  of  the  wheel.     That  being  done,  the 
number  of  the  teeth  of  one  of  these  two,  that  is,  either  of  the  wheel, 
or  of  the  pinion,  is  arbitrary  ;  and  we  can  at  pleasure  give  to  a  wheel 
100,  200,  &C.  teeth,  or  any  other  number  whatever;  but  then,  the 
number  of  the  teeth  of  the  pinion  must  be  contained  in  the  number 
of  the  teeth  of  the  wheel,  as  many  times  as  the  circumference  of  the 
wheel  contains  that  of  the  pinion;  for  example,  on  a  pinion  which  is 
ten  times  snialler  than  the  wheel  which,  drives  it,  may  be  put  indi^ 
ferently  six,  ei^t,  ten,  twelve,   fifteen,   twenty  teeth,  &;c.  provided 
that  the  wheel  has  always  ten  times  as  many ;  from  vfidch  it  foUows, 
that  a  wheel  and  its  diameter  being  given,  as  also  the  number  of  the 
turns  of  the  pinion  which  it  conducts,  the  diameter  of  the  pinion  is 
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detomiiiied.  Tbe  fbUowing  propoflitioii  will  serve  to  show,  how  the 
fooeAraDflmitted  (bif  may  power  or  wtighi  applied)  to  the  list  wheel  of 
iojr  wheel-work  ought  to  be  calcMlated* 

PrapofUian, 

The  space  described  by  D  (No.  9.)  is  to  the  space  described  by 
B,  as  the  length  C  D  is  to  C  d;  wliidi  is  a  coDsequence  of  what 
has  been  riiown,  that  the  space  described  by  the  pinion  C  is  the  same 
as  that  of  the  wheel  B ;  and  if  D  C  s=  B  H,  the  space  described  by 
D  will  be  to  the  space  described  byB^asCdisto  BH,  and  the  num- 
ber of  the  iBTOhitionB  of  the  pinion  C,  is  to  that  of  the  wheel  By  as  C  d 
is  to  B  H :  So  in  order  that  the  velocify  of  D  may  be  to  the  velocity  of 
B,  as  the  number  of  the  revohitknis  of  the  pinion  C  is  to  that  (rf*  B,  the 
wheel  D  must  have  the  same  diameter  as  the  wheel  B,  to  which  the 
weight  is  appGed;  and,  in  this  case,  the  force  transmitled  to  the  wheel  D 
by  the  wei^  ji«  is  to  die  weight  j»  as  die  number  of  die  revohitioos  of 
the  pinion  C  is  to  duit  of  die  wheel  B. 

We  have  seen  diat  wlmn  two  bodies  are  in  equilibriumt  their  ve» 
locities  must  be  in  the  inyerw  mtio  of  their  masses :  nowt  wlmn  it  is 
wanted  to  have  the  velocity  of  any  wheel  whateveft  in  an  assemblage 
of  wheels^  we  must  not  only  compare  its  revolutions  with  the  wheel 
where  the  weight  is  applied,  but  must  compari  the  diameters  of  both 
wheels:  For  it  is  plain,  that  if  the  wheel  D  is  supposed  greater  dian 
B,  the  space  described  by  D  will  no  longer  be  in  the  proportiini  of 
the  revolution  of  the  pinion  C,  and  consequendy  there  will  no  longer 
be  an  equilibrium,  the  gravity  of  the  wei^t  q  will  be  too  much,  and 
will  not  be  to  that  of  p,  as  the  number  of  the  revolutions  of  the  pinion  C 
is  to  that  of  the  wheel ;  and,  on  the  contrary,  if  the  wheel  D  is  smaller 
dian  B,  the  weight  q  wiU  be  too  litde  to  make  equihbrium  withp;  for 
the  space  descrft>ed  by  D  will  no  longer  be  to  the  space  described  by  B, 
as  the  number  of  the  revolutions  of  G  is  to  B. 

It  will  in  like  manner  be  shown,  dnt  whatever  be  the  number  of  wheels 
and  pinions,  to  find  the  force  transmitted  to  the  last  wheel,  the  revolutions 
must  not  only  be  compared,  but  also  the  diameters  of  the  first  and  last 
wheels,  in  order  to  know  the  spaces  described,  seeing  the  revolutions  do 
not  suffice  to  give  the  velocity. 

We  shall  then  draw  from  this,  a  rule,  to  find  the  force  transmitted 
to  the  circumference  of  a  wheel,  and  diall  suppose  the  bust  vriieel  of 
the  same  diameter  as  the  first ;  we  then  wiU  make  die  prop<fftion : 
The  weight  P,  applied  to  the  circumference  of  the  first  wheel,  is  to 
the  weight  p,  which  must  be  applied  to  the  circumference  of  the  last 
wheel  to  imke  equilibrium,  as  the  number  of  revolutions  of  this  last 
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wheel  in  a  given  time,  is  to  the  number  of  revolutions  of  the  first  iir 
the  same  time.     The  wei^t  p  being  found,  that  required  to  Vnake 

• 

equilibrium  will  eajsily  be  deduced,  when  the  last  wheel  shall  be 
either  of  a  greater  or  smaller  diameter  than  that  of  the  first,  because,  if 
the  last  wheel  of  a  wheel-worii  was  five  times  smaller  than  the  first, 
it  would  deacril>e  five  times  less  space  than  if  it  had  been  of  an  equal 
diameter,  and  consequently  the  weight  required,  must  be  five  times 
heavier. 

Remarks. 

We  have  supposed,  that  the  weight  P  was  implied  to  the  circum- 
ference of  the  first  wheel ;  but  it  frequently  happens,  that  it  acts  only 
on  the  circumference  of  a  cylinder  concentric  with  the  first  wheel,  and 
smaller ;  then  it  is  seen  that  the  weight  or  force  applied  to  the  cir- 
cumference of  the  cylinde)*,  is  to  the  force  communicated  to  the  cir- 
cumference of  the  wheel,  as  the  diameter  of  the  wheel  is  to  the  dia- 
meter of  the  cylinder ;  that  is  to  say,  if  the  diameter  of  the  cy- 
linder is  only  half  of  that  of  the  wheel,  the  force  transmitted  to  the 
circumference  of  the  wheel  B,  will  only  be  the  half  of  that  of  the 
weight  P,  and  so  of  others. 

Let  this  principle  be  now  applied  to  find  the  force  transmitted  to 
the  last  wheel  £,  of  an  assemblage  of  wheels  for  a  clock  movement, 
giving  seconds,  which  is  represented  in  No.  7.  And  first,  to  calcu- 
late the  niunber  of  the  revolutions  of  the  pinion  d,  which  carries  the 
wheel  E,  for  one  of  the  wheel  A. 

The  wheel  A  of  84  teeth,  pitches  with  the  pinion  a  of  twelve 
leaves,  which  makes  7  turns  for  one  of  the  wheel  A. 

The  wheel  B  of  80  teeth,  pitches  with  the  pinion  6  of  10,  which 
makes  8  turns  for  one  of  B,  and  7  multiplied  by  8,  gives  66,  the 
number  of  turns  made  by  the  pinion  6  of  10  for  one  of  the  wheel  A. 

The  wheel  C  of  80,  pitches  with  the  pinion  c  of  10,  making  S 
turns  for  one  of  the  wheel  C,  and  56  multiplied  by  8,  gives  448 
turns  to  the  pinion  c  for  one  of  the  wheel  A. 

The  wheel  D  of  75,  pitches  with  the  pinion  d  of  10,  making  7^ 
turns  for  one  of  the  wheel  D,  and  448,  multiplied  by  7.5,  gives  3B60 
turns  to  the  pinion  d  for  one  of  the  wheel  A. 

The  pinion  d,  and  the  wheel  £  which  it  carries,  make  3360  turns 
in  the  time  that  the  wheel  A  makes  one,  which  is  easily  seen ;  for 
the  wheel  B  makes  7  turns  for  one  of  the  wheel  A,  and  the  pinion  h 
makes  8  turns  for  one  of  the  wheel  B  ;  this  pinion  b,  .as  well  as  the 
wheel  C  which  it  carries,  make  then  56  turns  in  the  time  that  the 
wheel  A  makes  one,  since  7  turns  of  the  wheel  B,  multiplied  by  8  of 
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the  pmfon  6,  make  66 ;  au>reoTer,  the  pinion  c  makes  8  turns  for  one 
of  the  pinion  b  and  of  the  wheel  C ;  so,  multiplying  the  66  turns  of 
the  wheel  C  by  the  8  turns  of  the  pinion  c,  will  giYO  448  turns  of 
the  pinion  c  and  of  the  wheel  'D,  during  one  of  the  wheel  A ;  and, 
at  each  tuni  of  the  wheel  D,  the  pinion  d  makes  7  turns  and  a  half; 
and  448  turns  of  the  wheel  D  must  be  multiplied  by  7i,  the  turns 
which  it  gives  to  the  pinion  d,  and  we  shall  have  3360,  the  number 
of  turns  of  the  pinion  <i,  (and  of  the  wheel  E  which  it  carries)  for  one 
of  the  first  wheeL 

If  it  is  wanted  to  know  the  time,  which  the  first  wheel  takes  to  make 
one  turn,  this  will  depend  on  that,  ii4uch  the  last  wheel  £  takes  to 
make  one  revolution;  for  the  wheel  A  will  always  be  3360  times 
longer,  in  making  one  turn  than  the  wheel  £,  since  this  last  makes 
3360  times  more  turns ;  if  then,  the  wheel  £  is  supposed  to  make  one 
turn  in  a  minute,  the  wheel  A  will  make  one  in  3360  minutes*  To  know 
how  many  hours  this  makes,  we  must  divide  it  by  60,  (the  number  of 
mimUei  in  an  hour^)  and  we  find  66  hours  for  the  quotient,  which  is  2 
days  and  8  hours  to  make  one  revolution. 

To  find  how  much  force  the  weight  P  will  transmit  to  the  drcum- 
ference  of  the  wheel  £,  let  it  be  supposed  to  wei^  12  pounds,  and 
that  the  diameter  of  the  cylinder  F  is  to  that  of  the  wheel  A  as  8  is 
to  12,  or  2  to  3.  In  this  supposition,  the  weight  will  act  at  the  circumfo 
rence  of  the  wheel  A  with  8  pounds,  which  make  128  ounces 
=1024  gros,  or  73728  grains*  Make  then  the  following  proportion: 
The  force  which  is  exerted  at  the  circumference  of  the  wheel  A,  is  to 
ihe  force  which  it  communicates  to  the  wheel  £,  (caU  this  force  or,) 
supposed  of  the  same  diameter,  as  the  number  of  the  revolutions  of 
the  wheel  £,  is  to  the  number  of  the  revolutions  of  the  wheel  A, 
or  73728  :  x  : :  3360  :  1,  multiplying  the  eictremes,  and  dividii%  by 
the  mean  term  known,  the  value  of  « is  found  to  be  21fif|  grains, 
and  the  fraction  being  reduced,  we  have  211^  grains;  this  is  then 
the  force,  which  would  be  transmitted  to  the  wheel  £,  if  it  was  of  the 
same  diameter  as  the  wheel  A  :  but,  in  supposing  it  three  times  small- 
er, the  weight  p  which  is  applied  to  it,  describes  then  three  times 
less  space,  so  as  to  make  it  in  equilibrium  with  the  wei^  P;  it 
must  be  triple  of  that  which  has  been  found  in  the  preceding  calculation ; 
it  must  then  be  66H  groins. 

We  shall  insert  what  has  been  done  in  this  way  by  a  very  inge- 
nious friend.  The  clock  was  a  month  one,  having  the  same  number 
of  wheels  as  in  No.  7.  The  semi-diameter  of  the  barrel  being  .982^ 
inch,  has  one  half  d'the  power  of  the  weight  applied  to  its  circum- 
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ference,  (the  gut  paasing  below  the  pulley  of  th^  weight,  and  bemg 
brought  up,  is  supposed  to  be  fastened  to  the  seat-board  of  the  dock,) 
the  whole  weight  being 24  lb.  =  168000  grains;  the  quantity  acting 
on  the  circumference  of  the  barrel,  is  there  stated  at  [84000  grains, 
which,  at  the  extremity  of  the  great  wheel  of  1.662^-  inch  semi- 
diameter,  becomes  =  49642.1  grains.  This  force  bemg  communi- 
cated to  the  circumference  of  tiie  second  wheel  pinion  of  .293^  indb 
semi-diameter,  and  thence  to  the  circumference  of  the  second  wheel 
of  1.299  inch  semi-diameter,  becomes  =  11216.3  grains;  and  in  like 
mannei  this  too,  and  from  the  third  ^eel  pinion  of  .182  semi^Uar 
meteri  to  the  extremity  of  the  third  wheel  of  1.171  inch  8ttni«diameter, 
is  reduced  to  =  1743.2  grains ;  and  so  by  the  fourth  wheel  pinion 
of  .166  semi-diameter,  to  the  circumference  of  the  fourth  ^eel  of 
1.006i  inch  semi-diameter,  becomes  :=  287.6  grains;  and,  lastly, 
tfu^ugfa  the  swing  wheel  pinion  of  .168^  soni-diameter,  to  the  dr- 
cumference  of  that  wheel  which  has  .972^  inch  in  semi-diameter,  it 
becomes  equal  to  46.4  grains  nearly.  This  seems  to  be  tiie  calculat- 
ed power  transmitted,  without  any  allowance  for  friction,  or  any  other 
retarding  cause;  and  say,  that  we  should  deduct  on  these  accounts 
about  one  third  of  the  calculated  force,  the  45.4  grains  may  then  be 
^estimated  about  30  grains.  He  adopted  &e  plan  of  calculating  the 
force  transmitted  frmn  ^e  lengths  of  the  levers,  in  preference  to  the 
mode  used  of  multiplying  the  numbers  of  the  pinions  together,  and  with 
'their  product,  dividing  the  amount  of  the  wheel  teeth,  whereby,  to  get  at 
once  a  divisor,  with  which  to  divide  the  power  at  the  circumference  of 
the  great  wheel.  Afler  having  made  the  foregoing  calculation,  he  set 
to  try  how  far  they  would  agree.  It  was  somewhat  flattering  to  see  their 
exact  similarity. 

Pinions  136.5  X  166    X  182x293.5  =  1361118577. 
Wheels  972.5x1006.5x1171x1299 j=i  1488913400191.25. 
1488913400191.25-7-1361118677  =  1093.9, 

Now,  if  we  divide  the  power  of  49642.1  grains,  being  that  which 
is  at  the  circumference  of  the  great  wheel,  by  the  above  quotient 
1093.9  obtained  by  dividing  the  product  of  the  numbers  of  the  wheels, 
by  the  product  of  the  numbers  of  the  pinions,  we  get  the  exact  same 
result,  as  was  got  by  treating  the  wheels  as  levers,  viz.  45.4  grains  near- 
ly, for  the  power  transmitted  to  the  circumference  of  the  swing  wheel, 
which  should,  in  the  same  manner,  be  reduced  on  account  of  friction ; 
so,  we  may  conclude,  the  actual  force  transmitted  will  be  nearly  30 
grains  at  the  extremity  of  the  swing  wheel  teeth. 
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ACnMfTKff. 

It  is  not  enough  to  have  calculated  the  force  transmitted  bj  the 
mover  to  the  last  wheel  of  any  wheel- woiii ;  there  must  also  be  de- 
duction made  for  the  friction,  and  the  resistance  caused  by  the  in- 
ertia or  inactivity  of  the  wheels.  This  last  consideration  is  very  es- 
sential ;  for,  previous  to,  and  even  after  the  termination  of  each  vi- 
bration of  the  pendulum,  the  wheels  have  an  instant  of  rest,*  so  that 
the  force  which  puts  them  in  motion,  is  renewed  at  every  vibration, 
and  draws  the  wheels  from  a  state  of  rest.  The  friction  caused  by 
the  weight  of  the  whbels  and  their  inertia,  then,  requires  a  surplus 
of  force  beyond  the  quantity  which  has  been  calculated. 

These  two  quantities,  the  force  necessary  to  overcome  the  resist- 
ance caused  by  the  inertia,  and  the  force  to  overcome  friction,  in- 
crease so  much  the  more,  as  the  wheels  are  heavy,  and  have  more 
velocity.  It  is  then  very  essential  to  reduce  the  wheels  to  their 
least  weight;  for  this  purpose  they  ought  to  be  made  veiy  small, 
which  is  possible,  particularly  with  the  last  wheels,  which  have  little 
effort  to  overcome ;  and,  as  high  numbered  pinions  require  that  the 
wheels  which  drive  them  should  be  of  the  greatest  diameter,  it  \a 
better,  with  the  latter  wheels,  to  use  pinions  of  six  or  eight  only, 
(in  regard  to  the  piicJUnga<,  by  farming  good  curves  to  the  teeth^ 
they  may  be  made  as  perfect  as  if  the  pinions  were  of  a  higher 
number,)  Thus  the  wheels  may  be  reduced  to  their  smallest  dia- 
meters, and  consequently  to  the  least  weight;  the  motive  force  will 
then  become  more  constant,  and  be  reduced  to  the  smallest  quantity. 
If  it  is  required  to  make  the  wheels  large,  they  must  have  the  greaU 
est  numbers  possible,  without,  however,  having  week  teeth ;  and 
making  them  pitch  only  with  pinions  of  a  low  number,  diminishes 
their  revolutions,  or  rather  the  spaces  in  which  the  wheels  revolve. 

Of  the  Pitchings  of  Wheels  and  Pinions, 

The  perfection  of  Pitchings  is  a  part  so  essential  in  machines,  par- 
ticularly in  those  which  measure  time,  such  as  clocks  and  watches, 
that  too  much  care  and  attention  cannot  be  given  to  them.  It  has 
been  thought  necessaiy  to  mention  here  the  effects,  which  result  in 
watches  from  bad  pitchings,  and  to  give  afterwards,  the  principles  on 
which  the  theory  of  pitching  is  founded,  and,  finally,  to  show  the 
practical  means  of  making  good  pitchings. 

*  This  cue  is  chiefly  with  the  dead  beat  ^scapement ;  with  tfie  recoiling  one,  if 
the  wheels  have  any  rest,  it  may  be  said  to  be  momentary  indoed. 

12 


90  pitChings  of  wheels  and  pinions. 

Inquiry  into  Ike  effects  wfUch  arise  from  b(ui  PUchingal 

When  the  curves  of  the  teeth  are ,  badly  madct  the  wheel  drives 
the  pinion  with  different  degrees  of  force,  from  whence  it  happens  : 
Ut^  (if  this  wheel  communicates  its  force  to  a  balance,)  that  the  ba- 
lance loses  its  isochroiiism,  or,  which  is  the  same  thing,  that  it  vi- 
brates with  different  degrees  of  velocity,  and  that  the  time  of  the  vi- 
bration changes  according  to  the  different  actions  of  the  wheel  on  the 
pinion.  2d,  That  the  force  of  the  mover  to  turn  the  pinion  ought  to 
be  greater,  than  it  would  be  requisite  if  the  wheel  made  the  pinion  to 
turn  in  an  uniform  manner :  this  excess  of  motive  force,  of  itself  alone, 
tends  (independenily  of  other  varta/totM,^  to  destroy  the  machine  by 
the  friction  which  it  causes,  and  these  at  length  produce  variations  to 
the  regulator.  If  a  n^eel  drives  a  pinioii  which  is  too  large,  or,  which 
is  the  same,  whose  teeth  or  leaves  are  more  distant  from  one  another, 
than  those  of  the  wheel,  the  force  communicated  by  the  wheel,  will 
in  part  be  destroyed  by  the  leaves  of  the  pinion,  whjch  butt  against 
the  wheel  teeth  ;  this  force  so  destroyed  will  require  that  a  greater  mo- 
tive force  be  used,  to  keep  up  the  motion  of  the  machine,  from  which 
will  result  friction,  wearing,  variations,  8ec. 

If  a  wheel  drives  a  pinion  which  is  too  small,  or  whose  teeth  or 
leaves  are  less  distant  than  those  in  the  wheel,  it  will  happen  that  a 
tooth  of  the  wheel  acting  on  a  lever  or  tooth  too  short,  the  pinion 
will  turn  with  less  force,  and  more  velocity,  as  will  be  seen  afler- 
wards :  It  will  again  follow  from  this,  that  a  part  of  the  force  of  the 
wheel  is  lost,  by  the  drop  or  fall  of  the  tooth  driving,  to  that  of  the 
next  which  it  is  to  drive ;  the  pinion  will  then  turn  with  a  part  only 
of  the  force  of  the  wheel :  thus  the  mover  will  require  to  have  a 
greater  power,  than  it  would  have  required,  if  the  wheel  drove  the 
pinion  uniformly ;  this  excess  of  force,  and  inequalities  of  the  pitch- 
ings,  will  tend  to  destroy  the  machine,  and  to  make  it  vary,  &c.  as 
stated  above. 

And,  lastlyy  wheel-work  being  composed  of  wheels  and  pinions, 
whose  pilchings  are  bad,  in  certain  movements,  each  wheel  will  act  on 
its  pinion  with  the  greatest  advantage,  then,  the  force  transmitted  to 
the  regulator  will  be  the  greatest  possible:  and  in  other  instances, 
each  wheel  acting  on  its  pinion  with  the  least  advantage,  the  force  of 
the  mover  will  be,  as  it  were  almost  annihilated  :  the  regulator  (pen- 
duluimy  or  balance^)  will  receive  only  small  impulsions  :  now,  the 
force  of  the  mover  ought  to  be  sufficient  for  the  least  favorable  case 
in  the    pitchings ;  it  is  then  too  great  in  the  most  favorable  case ; 
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from  whence  arises  the  inconveniences  which  have  been  already  re- 
marked. 

Upon  the  whole,  this  is  what  results  from  badly  made  pitchings ;  the 
next  will  show  how  wheels  ought  to  act  on  their  pinions,  and  to  de- 
termine the  form  of  the  teeth  of  wheels,  so  as  they  shall  drive  the  pi- 
nion umformly,  in  such  a  way  as  to  comn^unicate  to  it  all  the  pow- 
er of  the  mover. 

Demonsiraium    of  Pitching,      Of  the  proper  curveM  of  the  teeth  of 
Wheels.,  and  leavee  of  Pt ntbt»,  and  the  maimer  of  tracing  them. 

Let  it  be  supposed  that  two  angular  levers,*  fc  A  D  and  6  a  C, 
(Plate  II.  No.  10,)  movable  on  two  fixed  points  A  a,' having  each  a 
constant  arm  AD,  a  C,  drawn  on  the  line  A  a,  which  joins  the  points 
of  support,  and  loaded  at  their  extremities  with  the  constant  weights 
P  p,  and  each  a  variable  arm,  A  fr,  a  b,  so  that  their  extremities  act 
always  reciprocally  one  on  the  other ;  we  say  that  the  two  weights  P  p, 
which  make  equilibrium  in  the  case,  where  the  two  variable  arms  have 
their  pcMnt  of  contact  in  0,  situated  in  the  right  line  A  O,  a  0,  will  also 
be  in  equilibrium  when  the  point  6,  where  they  butt  on  one  another, 
is  found  in  the  circumference  of  a  circle,  of  which  A  0,  or  a  0,  will 
be  the  diameter. 

Demaneiration. 

Let  6  n,  a  perpendicular  on  b  A,  (and  which  repreeenii  the  email 
arc  that  the  leeer  h  A  tende  to  describe  in  an  instant^  in  turning 
upon  A,)  express  the  absolute  force  which  is  exerted  at  the  extre- 
mity b  of  the  angular  lever  6  A  D,  by  the  action  of  the  weight  P ;  if 
we  suppose  this  force,  b  ti,  decomposed  into  two  others,  b  m  and  b  t, 
one  of  which,  viz.  6  m,  is  perpendicular  to  a  c,  and  the  direction  of 
which  passes  through  the  point  of  .contact,  «,  (since  the  angle  6, 
which  has  its  summit  at  the  circumference  a  6  «,  is  a  right  one ;)  and 
the  other,  b  t,  is  directed  towards  6  A :  it  is  seen  that  b  m  expresses 
part  of  the  force  b  n,  which  is  employed  to  push  the  point  6  of  the 
lever  a  c  from  b  towards  o,  and,  consequendy,  to  turn  the  lever  a  c, 

*The  simple  levers,  b  A  V,  b  a  C,  for  the  present,  shall  be  considered  only  as 
snchy  in  order  not  to  make  the  matter  too  complicated,  when  it  shall  be  shown 
bow  they  ought  to  drive  oniformly,  whether  that  the  great  lerer  drives  the  smaH 
one  after  the  line  of  the  centres,  or  that  the  small  drives  the  great  after  the  line 
of  centres,  or  indeed,  whether  the  great  or  the  small  lever  drives  before  and  after 
the  line  of  centres :  all  this  being  well  established  for  simple  levers,  will  be  easily 
applicable  to  wheels  and  pinions,  which  are  in  truth  only  an  assemblage  of  levers. 
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whilst  h  i  expresses  that  [>art  of  the  force  b  n,  which  tends  to  push 
the  point  h  towards  A,  and  which  is  destroyed  by  the  resistance  of 
the  fixed  point  A  :  Now,  we  say  that  b  n  expresses  also  the  absolute 
force,  which  is  exerted  at  the  extremity,  6,  of  the  angular  lever,  C 
a  b,  to  oppose  the  rotation  of  the  point  b  round  the  point  a ;  for,  on  ac- 
count of  the  right  lines,  D  P  and  6  n,  being  perpendicular  to  the  arms 
of  the  levers  A  D,  A  6,  the  weight  P  is  to  the  force  6  n,  as  A  6  is  to 
A  D ;  and,  in  drawing  A  B  perpendicular  on  b  s  prolonged,  the  si- 
milar triangles,  nb  m,  and  A  6  B,  give  6  n  :  6  m  :  :  A  B  :  A  6,  then 
(in  multiplying  with  order ^)  P:6  m::A  B:A  D;  moreover,  let 
X  be  called  the  absolute  force,  with  which  the  weight  p  tends  to  turn 
the  point  6  in  a  direction  opposite  to  b  o,  and  we  shall  have  p  \  x  x  i 
a  6  :  a  c,  or,  on  account  of  the  similar  triangles  a  6  0,  A  B  0,  as 
A  B  to  A  O ;  but,  in  the  supposition  that  the  two  weights  p  and  P 
can  be  in  equilibrium,  when  they  communicate  their  actions  by  the 
point  0,  we  can,  on  account  of  the  arms  of  the  equal  levers  a  C,  a  0, 
suppose  that  the  weight  p  is  suspended  at  the  point  O :  so  then, 
P  :  p  :  :  A  0  :  A  D ;  then,  by  multiplying  in  order,  P  :  a;  :  :  A  B : 
A  D ;  now  it  has  been  proved  that  P:f»6::AB:AD;  then 
6  nt=x :  then  will  there  be  an  equilibrium,  since  the  force  6  m  is  equal 
to  the  force  with  which  the  point  6  is  urged  to  turn  by  the  weight  P  ; 
it  is  likewise  shown  that  there  will  be  an  equilibrium  there,  since  the 
levers  A  6,  a  6,  will  communicate  their  forces  by  another  point  u  of 
the  circumference  abuO, 

Corollary  L 

If  by  the  points  O  (No.  10,  and  11,)  from  the  centres  A  a  of 
motion,  we  describe  the  circles  ft,  X,  and  suppose  that  one  of  the 
circles  acts  with  the  other,  by  a  pitching  of  infinitely  small  teeth, 
the  weights  P,  p,  will  remain  in  equilibrium ;  and  if  the  circle  R,  for 
example,  goes  uniformly,  the  circle  X  will  also  move  uniformly :  for, 
1st,  the  teeth  being  infinitely  small,  the  radii  A  O,  a  O,  by  which 
these  teeth  act,  will  be  always  of  the  same  length,  and  the  action  of 
the  weights  p  and  P  will  always  be  applied  in  the  same  manner,  hence 
there  will  be  always  an  equilibrium.  2d,  If  one  of  these  circles  is 
moved  with  an  uniform  force,  so  will  the  other  be :  for  each  point  of 
one  circle  will  apply  itself  successively  to  all  the  points  of  the  other, 
so  that  the  space  described  by  a  point  O,  situated  in  the  circumfe- 
rence of  one,  will  be  equal  to  that  of  O,  situated  in  the  circumference 
of  the  other ;  and  this  space  being  the  same,  as  well  as  the  time  of 
motion,  the  velocities  of  the  circles  R,  X,  will  also  be  the  same,  from 
whence  follows  uniformity  of  motion. 


■*"^ 
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Tlie  radii  A  O,  a  O,  of  the  circles  R,  X,  which  express  the  ratio  of  the 
revolutions,  are  called  the  pimiiite  radii. 

Corollary  II. 

The  point  6  (No.  10,)  hy  which  the  leVer  6  A  D  conducts  the 
lever  6  A  C,  being  always  supposed  in  the  circumference  a  fr  0,  the 
primitive  circles  tend  to  turn  with  the  same  force  and  the  same  velo- 
city ;  for,  1st,  Let  F,  /,  be  the  forces  with  which  in  this  case  they 
tend  to  turn  the  circumference  of  the  circle  R,  and  that  of  X,  we 
shall  have  6  n  :  F  :  :  A  O  :  A  6,  and  fibmiia  b :  a  c^  or  a  0 ; 
besides,  it  has  been  seen  above,  that  b  m :  b  n  :  :  A  b  :  A  B;  then 
/:  F  :  :  A  Oxa  b :  a  OxA  B  :  and  the  similar  triangles,  a  6  O, 
and  A  B  O,  give  aO:AO::a6:AB;  then  a  OxA  B=A  0 
X  a  6 ;  then  ,^F :  and  the  circle  R  being  moved  with  an  uniform 
motion,  the  circle  X  will  also  be  moved  with  an  uniform  motion.  2d, 
Whatever  be  the  •J^elocity  at  the  point  6  of  the  lever  D  A  6,  that 
which  it  will  communicate  to  the  lever  6  a  C,  foUowing  the  perpen- 
dicular 6  tn  to  the  point  of  contact,  must  be  the  same  as  that  of  the 
point  6  in  the  same  direction ;  and  if  we  let  fall  the  perpendicular 
n  0,  the  velocity  following  b  n  will  be  represented  by  6  n,  and  the 
velocity  following  6  m  will  be  represented  by  b  o.  Moreover,  let  Y 
be  the  velocity  of  the  circumference  R  of  the  wheel,  and  u  that  of  the 
circumference  X  of  the  pinion,  it  is  evident  that  \  :  b  n :  :  A  O  : 
A  b  and  b  o  :u:  i  a  b  :  a  c,  oraO;  besides  the  similar  tiiangles 
bno^  and  A  6  B  give  6n:6o::A6:AB;  then  Y  :  u  :  :  A  Ox 
41  6 :  a  OxA  B ;  and  these  two  last  products  are  equal,  as  halh  al- 
ready been  seen  ;  then  ti=:F. 

Corollary  III. 

If  the  point  b  (No.  11,)  where  the  lever  D  A  6  acts  on  the  lever 
o  6  c,  is  not  situated  in  the  circumference  of  a  circle  described  on  a  O, 
or  on  A  0  ;  if  it  was,  for  example,  placed  within,  as  at  g,  or  without,  as 
at  h^  the  weights  P  p  will  no  longer  be  in  equilibrium  :  to  prove  it,  draw 
the  line  n  k  perpendicular  to  the  lever  ab  c;  then,  according  to  what  has 
been  said  above,  we  have 


T  .  hn  :  . 

:  A  fc  :  AD 

hn : hm  : 

.  Il  X  :  k  h 

p:    P    : 

:  AD  :  AO 

Zip    :  ; 

\  a  0  '.  a  h 
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In  calling  %  the  force  with  which  the  weight  p  tends  to  turn  the  point 
A  in  the  opposite  direction  to  or  ^  we  have  2:^fii::A:rXaO:AOxa 
h :  now,  it  is  easy  to  show,  that  if  the  point  K  is  not  on  the  circle  a'  6  0,  the 
product  A  irXa  O  can  never  be  equal  to  the  product  A  0  xa  ^ ;  then  z 
can  never  (in  the  same  supposition^)  be  equal  to  ^  m ;  hence  there  can  be 
no  equilibrium. 

Corollary  IV. — No.   11. 

* 

Things  remaining  the  same  as  in  the  preceding  Corollary,  it  will  be 
shown,  in  a  manner  analogous  to  that  which  has  been  used  in  the  Second 
Corollary,  that  the  forces  with  which  the  primitive  circumferences  tend  to 
move  one  another,  cannot  be  equal ;  and,  as  the  velocity  of  one  being 
uniform,  that  of  the  other  cannot  be  so  ;  then  the  point  h,  (No.  11,)  by 
which  the  lever  A  h  pushes  the  lever  a  c,  cannot  be  at  a  distance  from  A, 
which  is  always  the  same,  since  there  would  be  an  infinity  of  cases  where 
this  point  would  not  be  in  the  circumference  a  6  O,  which  is,  however,  ne- 
cessary for  uniformity  of  motion  ;  then  the  figure  which  ought  to  be  given 
to  the  teeth  of  a  wheel,  to  conduct  uniformly  the  right  lined  leaf  of  a  pin- 
ion, cannot  be  a  right  line. 

CoROLLART  V. — ^Plato  II.  (A.)  Fig.  1. 

Finally,  if  the  lever  prolonged  A  0  6,  is  formed  by  a  curve  h  ^'  if'  N, 
which  is  such,  that  when  a  fixed  point,  N,  of  the  circle  R,  shall  have 
described  any  space  O  N,  the  lever  a  c  touches  this  curve  in  a  point  6, 
which  is  on  the  circumference  a  6  0,  and  so  placed,  that  the  arc  0  h  may 
be  equal  to  the  arc  O  N  ;  then  this  lever  will  conduct  the  pinion  with  an 
uniform  velocity  and  force  ;  for  the  arc  0  h  being  equal  to  the  arc  O  c,  as 
is  easy  to  be  proved,  it  will  also  be  equal  to  the  arc  0  N  ;  and,  conse- 
quently, this  point  N,  and  the  point  c,  will  have  described  equal  spaces  in 
equal  times  ;  from  whence  naturally  results  the  following  method  to  trace 
the  figure  of  the  teeth  of  wheels,  when  they  must  conduct  a  pinion  whose 
leaves  are  right  lines. 

Problem  I. 

A  lever,  A  0,  (Fig.  1,)  acting  on  a  lever  a  O,  on  the  point  O  in  the 
line  of  centres,  and  the  weights  F  p,  being  in  equilibrium,  it  is  wanted  to 
trace  on  the  end  prolonged  of  the  lever  A  O,  such  a  curve,  O  f  r^  «^  6^ : 
1st,  That  it  shall  cause  the  circle  X  describe  a  space  equal  to  that  of  the 
primitive  circle  R :  2d,  That  at  all  the  points  of  motion,  the  weights,  P  p, 
remain  in  equilibrium. 
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SohUion. 


With  the  points  A  a  of  the  centres  of  motion  of  the  levers  A  O, 
o  O,  and  through  their  point  of  touching  at  0^  roust  be  drawn  the 
primitive    circles  R  and  X«  to  divide  the  circumference  of  the  circle 
X  in  setting  out  from  the  point  O,  at  pleasure  into  any  number  of 
equal  arcs,  to  divide   likewise  the   circle  R,  in  setting  out  from  the 
point  O  into  a  number  of  equal  arcs,   which  are  to  the   number  of 
those  of  the  circle  X,  as  the  radius  A  O  is  to  the  radius  a  O  ;  in  this 
example,  the  radii  being  to  one  another  as  3  to  1,  and  the  circle  X 
being  divided  into  six  equal  parts,  we  divide  the  circle    R  into  18  ; 
if  then  these  two  circles  turn  one  another  by  simply  touching,  the  circle 
X  will  make  three  turns  in  the  time  that  the  circle  R  will  make  one ; 
and  when  the  point  O  of  the  primitive  circle  X  shall  have  described 
an  arc  of  60  degrees,  as  0  c,  the  point  O  of  the  primitive  circle  R 
will  have  described  the  space  0  N,  or  the  arc  of  20  degrees  :  these 
two  quantities,  O  c,  0  N,  are  then  equal,  and  express  the  unfolding  of 
the  two  circles ;  we  then  divide  each  space  0  N,  O  c,  into  the  same 
number  of  equal  parts,  as  into  5,  so  when  the  two  circles  R,  X,  turn 
one    another  round  by  simply  touching,  each  division,  1,  2,  3,  4,  and 
1%  2^  3^  4^  meet  in  0,  division  after  division.     From  the  centre  a, 
let  the  lines  a  c,  a  1,  a  2,  a  3,  a  4,  be  drawn,  which  will  mark  the 
different  positions  of  the  lever  a  O,  while  it  turns  from  0  to  c ;  and 
the  points  fr,  r, «,  U  o,  express  the  overplus  lengths  of  the  lever  A  0> 
when  it  acts  on  that  of  a  O,  in  its  different  positions,  a  4,  a  3,  a  2, 
a  1 ;  if  we  then   draw  through  these  points  of  intersection,  6,  r,  «,  i^ 
of  the  semicircle  a  0,   portions  of  a  circle,  1/  fr,  r^  r,  s^  a,  V  U  &c» 
these   portions   of  a  circle    will  mark  the  different  lengths,  that  the 
lever  A  0  must  have,    to  drive  that  of  a  0  uniformly,  and  we  will 
cany  these  lengths,  0  6,  0  r,  0  «,  0  /,  &c.  to  5''  6^  A''  r',  Z"  «'> 
2//  ff^  y^  y/^  aji^i  (iescribe  portions  of  circles,   b\  r^,  *^,  T,  which  cut 
those  of  b'  b^r^  r^8^  «,  l^  /,  &c.     If  these  intersections  are  joined  by 
small  curve  lines,  we  shall  have  the  curve,  6^  r^,  8%  t\  u\  0,  which 
win  fulfil  the  conditions  required ;   for  when  the  point  O  of  the  pri- 
mitive circle  R  shall  have  described  the  space  0  N,  the  line   b*'  b^ 
will  fall  in  with  that  of  O  6 ;  thus  the  weights  P  p  will  be  in  equi* 
librium,  and  the  primitive  circle   X  will  have  described  the    similar 
space  O  c.    Moreover,  when  the  point  O  shall  have  described  the 
space  O  ar,  the  line  4f'  r^,  will  apply  itself  on  that  of  0  r,  and  the 
lever  a  0  will   have    come  to  ar  1,  the  weights  will  be   in  equili- 
brium, and  the  spaces  0  1,0  T,  of  the  primitive  circles  X,  R,  will  be 
alike,  and  so  on,  &c. 
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We  shall  determine  (Fig.  2)  the  curve  O  V  9'  r^  6',  that  the  lever 
a  0  ought  to  have,  to  lead  unifoimly  the  right  lined  lever  A  0,  by 
making  use  of  the  same  method,  and  in  applying  the  same  reasonings, 
&c.  which  served  in  the  case  where  the  great  lever  drove  the  small 
one:  we  shall  operate  on  the  great  primitive  circle  R,  as  was  done 
on  the  circle  X ;  trace  on  A  O  a  semi-circle  ABO;  divide  the  cir- 
cle X  into  six  equal  parts,  for  example,  and  the  circle  R  into  IS ;  di- 
vide likewise  the  spaces  0  c,  O  N,  into  similar  parts  1,  2,  3,  4; 
1^  2\  3^  4^ ;  and  draw,  as  in  the  preceding  example,  the  radii  A  r, 
A  1,  A  2,  &c.  and  draw  through  the  points  of  intersection  of  the 
semi-circle  ABO,  portions  of  circles  h  h\  rr^^s  8^,^  i  i\  &c.  which 
will  serve  to  form  the  curve,  by  describing  from  t^Je  points  6'^  \f\ 
Z'\  2'"',  &c.  portions  of  circles  hW  ^  i'  \if ,  which  cut  those  of  6''  6,  in 
such  a  manner,  that  b'^  h'  is  equal  to  oh\  \f'  r^  to  ot\  W  b'  to  0  «, 
&c.>  and  drawing  through  these  points  a  line,  we  shall  have  the  curve 
h\  i'^,  «',  i\  0^ ;  and  by  the  same  operations  its  like,  6  r^'  9'*  V*  N ; 
by  these  means  in  all  the  points  of  motion,  the  weights  P  p  will  be 
in  equilibrium,  and  the  spaces  described  by  the  primitive  circles  X 
and  R  will  be  alike. 

'Rtunarks, 

The  same  things  will  take  place,  whether  the  curve  0  «'  V  9'  t^  \/ 
(Fig.  2.)  drives  the  lever  A  O  from  O  to  B,  or  that  the  lever  A  B 
drives  the  curve  h  r'*  sf^  V^  N,  from  B  to  0 ;  or  whether  (Fig.  1.) 
the  curve  (^  u*  V  ^f  r^  V  drives  the  lever  a  0,  from  0  to  c,  or  that  the 
lever  a  h  c  drives  the  curve  6  r^'  s''  i"  N,  from  c  to  0 :  but  although  in 
these  difierent  cases,  the  spaces  described  by  the  primitive  circles  are 
equal,  and  that  the  weights  P  jp  are  always  in  equilibrium,  it  does-not 
follow  from  thence,  that  it  should  be  indifferent  to  cause  the  levers 
drive  before  or  after  the  line  of  their  centres  ;*  on  the  contrary,  it  is 
always  preferable  to  make  them  drive  ajiw  the  line  of  the  centre9y  as 
when  the  curve  O  t^  9^  r^  b\  (Fig.  1.)  drives  the  lever  a  0  from  0  to 
c ;  for  in  this  case,  if  the  curve  is  not  of  an  extreme  precision, 
there  will  only  follow  from  this,  inequality  of  force  and  of  motion ; 
on  the  contrary,  if  the  lever  drives  the  curve  before  the  line  of  the 
centres,    there    may    result    from    this,    butting   and   friction  capable 

*  The  right  line  a  0  A,  which  goes  from  the  centre  of  the  wheel  to  the  centre  of 
the  pinion,  is  called  the  line  of  the  centres :  it  is  said,  the  wheel  drives  before  the 
line  of  the  centres,  when  a  tooth  R  (Fig.  4.)  which  advances  from  R  to  N,  begins  to 
act  on  the  leaf  s  of  the  pinion,  before  that  the  point  a  has  come  into  the  ri^t  line 
a  O  A.  The  wheel  drives  afler  the  line  of  the  centres,  afler  that  the  point  s  is  coma 
into  the  right  line  a  O  A,  and  that  the  tooth  continues  to  drive  the  leaf  in  turning 
from  R  to  N. 
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to  prevent  the  levers  froin  turning ;  the  reason  of  it  is,  that  the 
force  of  the  lever  which  drives  before  the  line  of  the  centres  is  de- 
composed, in  so  much  that  one  part  tends  to  drive,  and  the  other  is 
destroyed  by  the  centre  of  the  lever,  to  where  a  part  of  the  force  is 
(tirected,  and  so  much  the  more  so,  that  as  in  figure  1,  the  lever 
ab  c  will  drive  the  curve  b  r  « <  N  in  a  point  which  is  more  distant 
from  the  line  of  the  centres  of  motion.  The  line  b  B  expresses  the 
direction  of  the  force  which  tends  to  move,  and  6  A  the  direction  of 
the  force  n^ch  is  destroyed  by  the  centre  A. 

Problem  II. 

The  number  of  the  teeth  of  a  wheel  being  given,  as  well  as  that  of 
the  pinion  which  k  must  drive,  to  trace  the  curve  of  the  teedi  of  the 
wheel  and  of  the  pinion,  and  to  determine  the  driving  bef<Mre  and  after 
the  line  of  the  centres :  Let  R  N  (Plate  11.  A.  Fig.  3,)  be  the  pri- 
mitive circle  of  the  wheel,  which  shall  have  IS  teeth,  and  X  that  of 
the  pinion,  which  shall  have  6 ;  divide  the  circle  R  into  18  parts, 
setting  out  from  the  line  of  the  centres  a  O  A,  and  the  circle  X  into 
6  parts,  setting  out  from  the  same  line ;  subdivide  into  several  like 
parts,  as  into  6,  for  example  the  divisions  O  N,  O  c,  of  the  wheel, 
and  of  the  pinion ;  these  subdivisions  will  serve  to  form,  by  the  m^ 
thod  given  in  the  first  Problem,  the  curve  N  «'  t'  s'  r*  d;  msppomng^ 
then,  the  leaf,  or  tootti  of  the  pinion,  must  be  of  the  thickness  O  u, 
divide  the  arc  N  4  remaining  of  the' division  of  the  wheel,  into  two 
parts  N  m,  n  m^  leaving  a  small  distance  between  n  and  u  for  the 
play  or  freedom  of  the  pitching ;  from  the  point  m,  and  centre  A  of 
the  wheel,  draw  the  line  A  m  c7,  which  will  cut  the  curve  b  »i  uH 
in  a  point  d ;  so  the  curve  d  r' «'  /'  u'  N  will  be  that  of  the  teedi  cf 
this  wheel,  and  m  d,  the  surplus  of  the  teeth  on  the  primitive  radius^ 
and  then  n  N  will  be  the  arc  of  driving  after  the  hue  of  the  centrai, 
and  n  0,  that  which  ought  to  be  described  before  the  line  of  the 
centres. 

Now  to  construct  the  wheel  and  pinion«  we  draw  again  (Fig.  4,) 
the  primitive  radii  of  the  wheel  and  pimon ;  and  in  the  line  of  the 
centres  A  a  draw  the  semicircle  O  d  a  on  the  radius  of  the  pimon, 
then  from  the  centre  A,  (Fig.  3,)  and  top  of  the  tooth  N  u'  t'  b'  dl  n, 
take  the  distance  A  d,  which  carry  to  (Fig.  4,)  from  the  centre  A, 
describe  a  portion  of  a  circle,  which  shall  cut  the  semicircle  a  d  O  in 
a  point  d ;  this  point  will  mark  the  top  of  the  tooth ;  so  in  drawing 
from  the  centre  a  of  the  primitive  circle  X,  the  radius  a  d  Cy  this 
radius  win  represent  the  flank,  or  side  of  the  leaf  of  the  pinion:  and 
setting  out  from  this  point,  divide  the  circle  X  into  6  parts,  through 
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which  draw  radii  to  the  centre  a ;  loake  the  thickness  of  the  leaves 
of  the  size  O  u  (Fig.  3,)  and  the  sides  of  the  pinion  leaves  will  be 
formed. 

Finally,  to  form  the  teeth  of  the  wheel,  draw  from  the  centre  A  to 
the  point  d,  the  line  A  m  d,  and  setting  out  (rom  the  point  m,  divide 
the  circle  R  into  18  parts,  and  draw  the  lines  A  R  n,  which  mark 
the  distance  of  the  teeth;  and  on  the  sides  of  these  lines  from  the 
curves  traced  (Fig.  3,)  we  shall  have^  by  this  means  a  wheel,  which 
wiU  make  the  pinion  turn  as  uniformly  as  if  the  circle  R  carried  round 
that  of  X  by  simply  touching  it.  The  curves  of  the  leaves  of  the 
pinion  are  traced  in  the  way  which  has  been  shown  before ;  but  as  in 
the  proposed  example,  they  become  very  small,  having  for  length  only 
the  interval  which  is  between  the  point  r  of  the  primitive  circle  X, 
and  the  point  s  of  the  semicircle  A  B  «  0,  (Fig.  4,)  in  taking  this 
greatest  length  r  «  of  the  pinion,  and  implying  it  (Fig.  2,)  in  such 
a  way,  that  from  the  centre  a  we  cut  the  curve  N,  /,  the  small  sec- 
lion  V  will  determine  the  length  ovof  this  curve  of  the  pinion  ;  if  the 
driving  began  rather  before  the  line  of  the  centres,  we  could  deter- 
mine the  curve  of  the  pinion,  by  working  as  has  been  done  in  figure  2, 
and  applying  the  same  method  which  was  used  for  the  teeth  of  the 
wheel ;  but  we  ought  to  avoid  as  far  as  possible  having  much  to  drive 
before  the  line  of  the  centres. 

To  render  a  pitching  the  most  perfect  possible,  and  to  avoid  the 
inequalities  of  the  curves  of  the  teeth,  in  the  case  even  of  the  driving 
afler  the  line  of  the  centres,  pinions  should  be  made  with  the  greatest 
number  of  teeth  or  leaves,  as  of  8,  10,  or  12,  &c. ;  by  this  means  we 
reduce  to  the  least  quantity,  the  obstacles  which  arise  from  the 
driving  before  and  afler  the  line  of  the  centres,  and  the  curves 
of  the  teeth  becoming  insensible,  there  results  the  least  inequality, 
should  they  even  be  badly  formed  ;  for  the  pitching  of  the  pinions  of  6, 
requires  care  to  have  them  well  made,  not  only  in  determining  the 
size,  which  varies,  but  in  forming  the  curves  exactly,  and  to  avoid 
at  (be  same  time  inequalities,  butting,  friction,  &c. 

The  example  which  has  been  given,  will  suffice  to  explain  how  we 
might  trace  the  form  of  the  teeth  of  wheels  and  pinions  for  large  work, 
and  thus  to  form  pitchings  which  will  drive  uniformly. 

*  To  fonn  teeth  similar  to  those  of  N  d  n  (Fig.  3,)  without  beginning. again  the 
preceding  operations,  take  from  the  centre  A  to  the  top  d  of  this  tooth,  and  carry  it 
to  any  line  whatever  A  d  (Fig.  9,)  -,  describe  from  the  same  centre  A  the  portions 
y  Sy  i'  t,  u'  u,  N  n,  which  mark  on  the  line  A  d,  and  take  the  lengths  m'N,ou,p  t^ 
is,  and  describe  small  portions  of  circles  which  cut  those  of  s^  s,  &c. ;  and  leading 
throujfh  the  points  of  intersection  aline "N  uf  t*  dstn.  we  shaH  have  two  curves, 
and  consequently  a  tooth  similar  to  that  N  t'(f  n  (Fig.  3.) 
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It  is  to  be  observed,  that  the  driving  before  and  after  the  line  of 
the  centrest  differs  according  to  the  number  of  the  teeth  of  the  wheels 
and  of  the  pinions ;  and,  according  to  the  proportion  of  the  leaves  of 
the  pinions  to  the  number  of  the  teeth  of  the  wheel ;  so  it  would  be 
proper,  that  for  each  different  number  we  made  figures  of  teeth  in 
large  size,  that  thereby  we  could  determine  in  all  cases,  the*  driving 
befcN'e  and  after  the  line  of  the  centres,  the  *sizes  of  the  pinions,  and 
the  excess  of  the  teeth  of  the  wheel  beyond  the  [nimitive  radius ;  for 
it  is  again  necessaiy  to  remark,  that  the  sizes  of  pinions  of  6,  for  ex- 
ample, or  any  other,  differ,  according  as  they  make  a  greater  or  less 
number  of  turns,  with  regard  to  the  wheel ;  thus  a  pinion  of  6  which 
is  driven  by  a  wheel  of  60,  is  of  a  different  size  from  the  pinion  of  6 
which  is  driven  by  a  wheel  of  30,  even  when  the  wheels  should  be  of 
a  size  proportioned  to  their  number  cf  teeth,  and  the  driving  in  both 
cases,  not  made  equally  before  and  after  the  line  of  their  centres; 
having  fixed  such  principles,  workmen,  in  following  them  attentively, 
will  make  good  pitchings.  See  Easai  Sur  P  Horlogerie^  torn.  ii.  pp*2 
to  24,  par  M,  Ferdinand  Berthaud^  Horhger.  Paria^  1763.  Those 
who  wish  for  more  particulars  on  this  subject,  are  referred  to  Cour$  de 
Malhemaiiqut,  iroisihne  partie,  EUmem  de  Mkhamque  Statiqut^ 
iam,  iL  par  M*  Camus^  Parti  1767;  or  a  translation  of  that  part  of 
it^  regarding  the  lumbers  and  Forma  of  Whed  Teeth,  for  J, 
To^f^or,  of  the  Architectural  Library,  59,  High  HMom,  London, 
1806. 

M.  de  la  Hire  seems  to  have  been  the  first  who  showed  how  to  trace 
the  curve,  that  was  best  adapted  for  the  teeth  of  wheels  and  pinions, 
so  as  they  might  turn  with  an  uniform  motion. — ^When  a  wheel  turns  a 
pinion,  it  may  be  said  to  drive  it,  and  when  a  pinion  turns  a  wheel,  it  may 
be  said  to  be  leading  the  wheel ;  the  one  being  a  quick,  the  other  a  slow 
motion. 

To  have  a  good  or  safe  pitching,  much  depends  on  the  proper  size, 
or  diameter  of  the  pinion,  on  the  figure  of  the  wheel  teeth,  and  of  the 
pinion  leaves  :  if  the  pinions  are  high  numbered,  that  is,  not  less  than 
eight  or  ten,  any  small  deviation  from  a  true  figure  may  not  be  of  so 
much  consequence  as  some  have  attached  to  it  With  such  small 
teeth  as  are  in  clocks  and  watches,  in  practice,  the  figure  of  the  teeth 
cannot  well  be  drawn,  nevertheless,  our  workmen,  and  wheel  teeth 
finishers,  make  the  nearest  approximation  they  can  to  the  shape  re- 
quired; where  this  is  well  attained,  it  is  wonderful  how  it  prevents 
rubbing,  or  wearing  in  the  pinions.  A  strong  instance  of  this  is  in 
a  Reguktor,   which    we    made  upwards  of  thirty  yeska  ago,  where 
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DO  imprassion  whatever*  is  to  be  seen  on  the  pinioit  leaves.  Mucb 
of  this  will  also  depend  on  the  goodness  of  the  quofities  of  the  brass 
and  steel  from  which  the  wheels  and  pinions  are  made.  Lepine,  a 
WBtdh-maker  of  considerable  eminence  in  Paris«  had  in  some  of  his 
watches  the  wheel  teeth  and  pinion  leaves  of  a  saw  teethe  or  ratchet- 
like form,  having  a  very  small  rounding  off  towards  the  point  of 
the  iicting  sides  to  prevent  any  catching  taking  place;  these  kind 
of  teeth  have  a  great  appearance  of  strength. 

In  the  sizing  of  pinions,  it  is  no  doubt  desirtible  to  have  them  as 
luge  in  diameter  ^as  they  can  safely  be  admitted,  and  rules  for  this 
purpose  have  been  given  by  several  artists,  which  from  longer  and 
more  experience  have  afterwards  been  given  up.  An  instance  of  this 
with  Berthoud  shall  be  given,  by  taking  his  Table  for  getting  the 
diameters,  and  comparing  it,  as  we  shall  afterwards  do,  with  the 
diameters  of  the  pinionsf  in  one  of  his  first-rate  marine  time-keepers. 
The  best  method  to  determine  with  the  greatest  precision,  the  size 
of  a  pinion  for  any  wheel  whatever,  (he  says)  is,  before  hardening 
and  lempeiingit,  to  put  it  with  its  wheel  into  the  pitching  tool;  for 
this  purpose,  some  of  the  wheel  teeth  must  be  rounded  off,  when  it 
wfll  be  seen  by  its  pitching,  if  it  is  of  a  right  diameter  and  figure ; 
if  it  is  too  laige,  reduce  it,  till  it  comes  so  as  to  have  the  pitching 
made  to  move  in  as  uniform  a  manner  as  possible ;  if  it  is  too  small^ 
another  must  be  made,  or  the  wheel  reduced. 

But  to  prevent  this  inconvenience,  make  use  of  the  following  me- 
diods,  whioh  serve  to  give  the  size  as  nearly  as  may  be,  to  which  a 
dock  pnioQ  ought  to  be  turned  before  cuttiligit.  Cut  a  slip  of  paper 
whose  bteadth  riiould  be  about  that  of  the  thickness  of  the  wheel, 
for  which  a  pinion  is  required  to  be  made;  apply  this  slip,  of  paper 
on  the  ciicumference  of  the  wheel  teeth,  supposed  cut,  but  not 
rounded  off,  and  clip  it  to  such  a  length  as  to  take  over  as  many 
teeth  of  linb  vdieel,  and  two  more  than  the  pinion  is  to  have  leaves, 
tiie  length  of  the  slip  of  paper  will  be  the  measure  for  the  cir- 
oumferonce  of  the  pinion.  If  we  havcf  for  example,  a  pinion  of 
1<6  to  make,  cut  the  slip  so  as  it  shall  lay  over  18  teeth  of  the 
wliaui,  Ihen  apply  it  round  the  pinion,  which  reduce  in  turnings 
till  auoh  time  as  the  two  ends  of  die  paper  slip  meet  on  lapping 
it  round.  The  pinion  being  afterwards  cut  and  rounded  up,  (but 
befope  tempering  it,)  let  some  of  the  wheel  teeth  be  rounded  off,  and 
finag  it  on  «  smooth  arbor,  put  the  wheel  and  pinion  into  the  {Nich- 
ing tod^and  see  if  it  is  of  such  a  diameter  as  will,  with  the  the  teeUi  of 
the  wheelt  ptoduee  a  regular  piteUng.    With  smidl  pinions  fordocks^ 
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iUid  in  those  for  watches,  slips  of  paper  cannot  readily  be  made  use  of, 
but  here  are^  rules  founded,  as  well  as  ihe  preceding,  on  experience,  and 
agreeable  to  the  practice  of  the  best  workmen. 

When  the  teeth  of  wheels  are  cut,  and  the  diameter  of  pinions  are  re- 
quired to  be  taken  from  them,  callipers,  or  spring  pinion  gages,  are  used. 
if,  for  example,  it  is  required  to  make  a  pinion  of  16  teeth,  or  leaves, 
give  an  extent  or  opening  to  the  calUpers,  or  gage,  so  as  to  take  in  6 
teeth  of  the  wheel,  taken  from  the  outer  flank  of  the  first  tooth  to  the 
outer  flank  of  the  sixth ;  this  is  what  is  called  six  full  teeth. 

^  16,  the  callipers  must  extend  not  quite  to  the  flank  of 
the  sixth  tooth. 
14,  take  six  teeth  on  the  points,  or  middle  of  their 

tops. 
12,  five  full  teeth  when  it  is  for  a  large  wheel  of  a 
clock,  and  when  it  is  for  a  watch,  take  live  teeth 
fully  on  the  points. 
10,  four  full  teeth. 
9,  a  little  less  than  four  full  teeth. 
8,  for  a  clock,  four  teeth  on  the  points,  for  watcheSf 
take  four  teeth  on  the  points,  less  the  fourth  of  a 
space  of  one  tooth. 

7,  in  a  clock,  three  full  teeth,  and  a  fourth  of  a 
space  of  one  tooth ;  for  watches,  take  a  little  less 
than  three  teeth  of  the  wheel,  when  finished  by 
forcing  the  callipers  over  them. 
6,  for  clocks,  take  three  full  teeth ;  for  watches,  a 
little  more  than  three  teeth  on  the  points. 
5,  three  te^th  on  the  points^* 

4,  take  two  square  and  full  teeth.     When  the  pinion 
leads,  take  two  square  teeth  of  the  wheel,  and  a 
half  of  a  space  of  one  of  the  teeth  more :  in  gen- 
eral, all  pinions  which  lead,  ought  to  be  somewhat 
t     larger  than  those  which  are  driven. 

The  pitching  tool  which  Berthoud  recommends  for'trying  the  pitch- 
ing of  a  wheel  and  pinion,  is  that  which,  with  us,  is  called  the  Ge- 
neva  pitching  tool,  and  has  been  long  known  and  used  in  this  conn- 
try.  He  has  given  a  drawing  and  description  of  it  in  the  first  vo- 
lume of  his  EsMt  9ur  P  Harlogerie,  pp.  169,  170,  171.  Where, 
afier  describing  it^  he  says,  '^  The  great  facility  which  fliis  tool  gives 
of  seeing  pitchings^  repairing  them,  carrying  them  in  a  correct  state 
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to  the  fraxne-plates  of  a  clock  or  watch,  renders  this  instrument  veiy 
necessary  to  tfie  workman ;  it  can  be  made  use  of  even  in  setting  off 
various  'scapements,  such  as  the  anchor^  cyhnder,  or  horizontal  one, 
&c.  But,  notwithstanding  its  utility,  there  are  few  workmen  who  have 
it,  or  who  even  know  it  It  is,  however,  not  new,  seeing  that  Thiout 
has  described  it  in  his  TraiU  cT  HariogerU  ;  but  the  extreme  indolence 
of  the  most  part  of  workmen,  has  made  the  use  of  it  to  be  veiy  limited, 
for  they  seek  more  to  gain  money  than  to  make  good  things.'' 

It  has  the  advantage  over  the  sector  kind  of  pitching  tools,  which  do 
not  take  in  the  wheels  and  pinions,  by  allowing  the  working  of  the  pitch- 
ing to  be  seen,  and  serves  to  check  any  pinion  of  an  improper  diameter, 
which  may  at  times,  by  mischance,  have  been  overlooked,  both  by  the 
movement-maker  and  by  the  watch-maker. 

In  the  year  1778  or  79,  having  got  rather  an  imperfect  description 
of  a  sector  or  kind  of  pitching  tool,  made  up  in  some  degree  on  the 
principle  of  proportional  compasses,  but  having  an  objection  to  the  pomts 
standing  always  in  an  angular  position,  by  which  they  were  not  fitted 
to  draw  truly  off  the  pitching,  from  one  hole  to  another,  as  can  be  done 
by  the  Geneva  tool,  we  made  a  sector  having  thick  and  broad  brass 
limbs,  with  a  strong  and  true  joint,  so  as  it  might  be  always  stiff,  firm, 
and  easy,  at  the  time  when  using  it  On  the  line  where  the  legs  meet, 
when  the  sect6r  is  close  shut,  and  about  three  inches  from  the  centre 
of  the  joint,  were  placed  two  small  cylindrical  steel  pins,  about  one-tenth 
of  an  inch  in  diameter,  and  two  inches  long,  having  conical  points  ;  one  of 
the  pins  had  at  the  middle  a  sole  made  from  the  solid,  by  which  it  was 
screwed  on  to  the  upper  side  of  one  of  the  legs  ;  the  other  had  a  sock- 
et fixed  on  the  opposite  leg,  through  which  the  other  cylindrical  steel 
pin  passed,  and  could  at  pleasure  be  set  and  fixed  so  as  to  make  the 
plane  of  the  sector  legs  stand  parallel  to  the  plane  of  the  frame-plate  of 
any  movement  when  setting  off  a  pitching.  The  manner  of  making 
and  using  the  cylindrical  steel  pins,  and  the  apparatus  for  fixing  them 
on  the  legs  of  the  sector,  are  the  same  which  the  late  Mr.  Pennington 
afterwards  adopted  for  his  sector,  a  drawing  of  which  is  seen  in  Plato 
Vn.  No.  37. 

These  steel  pins  were  placed  perpendicularly  to  the  plane  of  the 
legs  of  the  sector,  and  so  as  the  points  of  both  would  coincide  in  the 
inside  line  of  the  sector  edges,  when  the  legs  are  supposed  to  be  shut 
On  the  side  of  one  of  these  legs,  three  inches  in  length  from  the  end 
and  near  to  the  inner  edge,  a  smaU  groove  was  sunk,  having  a  square 
bottom,  to  receive  a  part  of  a  straight  toothed  rack  fitted  to  it,  and  made 
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to  slide  backward  and  forward  in  it  The  rack  was  a  small  slip  of 
brass,  about  three  inches  long,  and  three  tenths  of  an  inch  broad,  the 
outer  edge  of  which  was  toothed  ;  from  the  inner  projected  a  nose-piece, 
bearing  on  the  inner  edge  of  the  leg  of  the  sector,  and  which  served 
as  a  guide  to  set  the  wheel  on,  when  taking  its  diameter  across  be- 
tween the  edges  of  the  legs  of  the  sector ;  about  an  inch  from  the 
end  of  one  of  the  legs,  a  pinion  of  16  or  18  leaves  was  made  to  pitch 
with  the  toothed  edge  of  the  rack,  and  fixed  to  the  under  side  of  a 
small  circular  plate  of  brass  two  inches  in  diameter ;  on  the  upper 
side  were  traced  a  few  concentric  circles,  the  lower  pivot  of  the  pi- 
nion turned  in  a  hole  made  in  the  leg  of  the  sector,  the  upper  one 
turned  in  acock,  which  was  screwed  to  the  leg  of  the  sector,  and 
served  to  keep  the  pinion  and  its  plate  in  their  place.  From  the 
cock  was  formed,  on  the  opposite  end  to  that  by  which  it  was  screwed 
to  the  sector  leg,  an  index  which  lay  across  the  semi-diameter  of  the 
circular  plate*  The  rack  had  two  small  cocks  which  lay  on  it,  press- 
ing spring  tight,  and  which  were  screwed  on  the  leg  of  the  sector, 
keeping  the  rack  steady  to  its  place  or  groove  on  the  sector  leg.  The 
spaces  on  the  plate  between  the  concentric  circles,  served  for  pinions  of 
difl^rent  numbers,  from  12  to  6  inclusively.  On  toming  round  the  plate 
in  either  direction,  the  rack  moved  backward  and  forward,  carrying 
the  nose-piece  with  it  Taking  a  wheel  of  64,  and  a  pinion  of  8,  for 
example,  and  setting  them  to  their  proper  depth  in  the  Geneva  pitohing 
tool,  which,  being  set  off  on  any  plane  or  plate  of  brass,  the  steel  points 
of  the  sector  pitohing  tool  were  made  to  stand  at  the  same  distance  as 
those  of  the  Geneva,  putting  the  wheel  of  64  so  as  its  diameter  might 
stand  across  between  the  edges  of  the  legs,  aiM  bringing  the  nose- 
piece  to  this  place,  a  small  line  was  made  across  one  of  the  spaces  be- 
tween the  concentric  circles,  appropriated  for  pinions  of  8,  and  wheels 
of  different  numbers,  so  that  wheels  of  64,  and  of  any  other  diameter, 
could  be  set  to  their  pitching.  And,  in  like  manner,  were  pinions 
and  wheels  of  various  numbers  and  diameters,  marked  with  their  places 
on  the  plate,  having  their  proper  depths  previously  made  by  the 
Geneva  tool.  No  tool  could  be  so  easily  and  safely  used  as  this 
sector  pitohing  tool,  which  gave  such  dispatoh,  as  made  it  extremely 
useful  in  repairing  or  examining  the  depth  or  pitchings  of  new  or  old 
work. 

Soon  after  this  sector  pitching  tool  was  finished,  a  more  improved  one 
from  it,  was  made  by  Mr.  Pennington,  and  during  the  making  of  it,  we 
had  with  him  a  great  many  trials  with  pitohings,  so  as  to  make  it  as  com- 
plete as  possible  ;  notwithstanding  the  great  utility  which  it  possessed, 
it  is  perhaps  the  only  one  of  the  kind  that  ever  was  made,  except  a  largo 
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one  made  many  years  ago  for  our  clock-makers,  who,  like  the  greater 
part  of  workmen,  were  neidier  anxious  to  use  it,  nor  to  acquire  a  know- 
ledge  how  to  use  it 

The  sector  make  by  Pennington  was  purchased  from  him  by  Mr. 
Auld  when  in  London,  and  the  one  for  clock-makers,  are  at  present 
in  our  possession.  Having  thought  this  sector  deserving  of  a  place, 
a  description  h^^with  is  given,  as  taken  from  the  original  pampUet, 
published  in  London,  1780.     For  its  figures,  see  Plate  VIL 

**  This  sector  is  composed  of  the  legs  A  and  B,  and  the  joint 
C  ;  it  is  divided  into  100  (as  it  appears  by  the  figure)  on  one  side, 
and  on  the  other  side  into  150,  in  the  manner  shown  at  No.  38.  At 
the  50th  division,  and  having  its  centre  exactly  on  the  edge  of  the 
leg  A,  is  fixed  the  piece  D ;  and  on  the  same  part  of  the  leg  B  is 
fixed  the  socket  E,  with  the  movable  cylinder  F  going  through 
it,  and  which  may  be  fastened  at  any  place  required  by  the  screw  G. 
No.  39,  is  another  view  of  the  socket,  &c.  the  same  letters  refer  to 
each.  H  and  I  (No.  37,)  are  pieces  screwed  upon  the  leg  A,  having 
their  edges  next  each  other  shelving  so  as  to  form  a  dovetail  groove, 
in  which  the  pieces  K  and  L  slide  ;  the  piece  L  has  a  notch  throu^ 
it  from  one  end  to  the  other  to  admit  the  piece  a,  which  goes  through 
both  it  and  the  leg  of  the  sector,  and  has  a  nut  screwed  on  the  other 
side  to  fasten  it  at  any  place ;  the  pieces  K  and  L  are  connected 
together  by  the  screw  M,  the  use  of  which  is  to  set  the  piece  K 
exactly  to  the  place  required.  On  this  piece  is  screwed  the  piece  N, 
which  lies  over  the  edge  of  the  leg  A  ;  it  has  likewise  on  it  a  nonius 
of  10.  O  is  an  arch  fixed  to  the  leg  A,  and  on  which  the  end  of 
the  leg  B  moves.  P  is  a  piece  fitted  upon  the  arch  0,  and  movable 
upon  it,  and  which  may  be  fastened  at  any  place  by  the  piece  b 
going  through  it,  and  having  a  nut  screwed  upon  it  on  the  other 
side.  The  piece  P  and  the  leg  B  are  connected  together  by  the 
screw  Q,  the  use  of  which  is  to  set  the  leg  B  exacdy  to  the  place 
requhred. 

THE  USE  OF  THE  SECTOR. 

t 

I. — To  find  the  proportional  sizes  of  Wheels  and  Pinions, 

Look  for  the  number  of  the  wheel  on  the  sector,  then  open  it  till  the 
diameter  of  the  wheel  just  reaches  from  one  leg  to  the  other  even  with  the 
number  ;  the  diameter  of  the  pinion  will  be  even  with  the  number  in  (he 
small  table  annexed,  as  near  as  I  have  been  able  to  come  at  by  a  great 
many  experiments. 
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tOA 


Pinions. 

Numlten  on  tlw 
Sector. 

6 

7 

8 

9 

10 

11 

12 

7.2 

&1 

9.0 

9.9 

10.8 

11.7 

12.6 

IL — Tb  draw  cireU$  the  propariiombh  me«  of  Whtth  mui 

Pinions. 

The  line  drawn  from  the  centre  of  the  joint,  and  which  is  called  Ae 
line  of  hoes,  or  equal  parts,  and  divided  into  150,  (No*  38,)  i|»  for  tbs 
conTemence  of  setting  the  compasses,  to  take  the  sizes,  and  answers  the 
same  purpose  for  circles,  as  the  edges  of  the  sector  does  fe  wheels 
and  pinions. 

in.— To  9€i  the  centres  of  dreUs  ai  a  proper  distance  from  eaeh  other 

mdramng  calUpers. 

Having  Ae  nmnbers  of  the  wheel  and  pinion,  and  the  diameter  of  1fa« 
wheel,  look  for  the  number  opposite  that  of  the  pmion  in  the  small  table 
Annexed,  and  subtract  that  fromttewheeL 


Piniont. 

Nmnben  on  the 
Sector. 

? 

8 

9 

10 

11 

12 

8.8 
4.6 
6.7 
6.4 
7.0 
7.7 
8.8 

This  table  is  constructed  by  experiments  with  wheels  and  pinions, 
as  appears  by  No.  40,  of  the  Plate  for  pinions  of  six.  Thewheel48 
and  the  pinion  of  6  being  at  a  proper  distance,  and  having  their  centres 
even  with  the  24th  division,  the  diameter  of  the  wheel  touches  the  lines 
just  3  divisions  and  S-lOths  from  the  48  division.  The  same  rule  wiB 
do  for  every  other  wheel. 

For  example,  suppose  a  wheel  of  48  teeth,  and  a  pmion  of  6  leaves,  in 
the  table,  opposite  6,  you  find  3.8,  which  you  subtract  decimally  from, 
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4  8.0 


48 ;  thus,  Ji'l  which  produces  44  and  2-lOths ;  then  take  the  diameter 

of  the  wheel  in  your  compasses*  set  one  foot  on  44.2  on  one  leg,  and 
open  the  sector  till  the  other  falls  on  the  same  number  on  the  other 
leg,  the  distance  then  between  half  48  oa  each  leg,  will  be  the  distance  of 
the  two  centres  for  the  wheel  to  cany  the  pinion,  as  appears  by  No. 
40.  A  and  B  are  the  supposed  lines,  drawn  apart  from  the  sector,  for 
the  convenience  of  having  the  wheel  and  pinion  larger.  6,  a  wheel 
of  48,  and  D,  a  pinion  of  6. 

lY. — 7b  »ei  WheeU  and  Pinions  the  proper  d^th  in  tach  other j  byi 

only  hoeing  the  Wheels  given. 

At  H  (No.  37,)  are  divisions  corresponding  with  those  on  the  sec- 
tor, only  numbered  the  contrary  way,  beginning  at  the  HK)th;  and 
these  are  the  divisions  to  be  observed  in  this  case :  By  means  of  the 
nomus  on  the  piece  E,  the  edge  of  iise  piece  N  may  be  set  the  10th 
part  of  one  of  the  divisions,  and  answers  the  same  purpose  as  if  every 
single  one  were  actually  divided  into  10 :  so  that,,  in  using  it  for  this 
purpose,  every  single  division  must  be  called  10,  the  10  a  100,  &c. 
Suppose  a  wheel  of  48  teeth,  and  a  pinion  of  6  leaves,  to  be  set  a 
proper  depth,  look  in  the  table  for  pinions  of  6,  and  opposite  48  you 
will  find  79.1,  which  la  79,  and  1-1 0th  of  the  small  imaginajy  divir 
sions  before  mentioned;  so  that  you  set  the  cipher  on  the  nonius  as 
far  beyond  the  7th  division,  as  till  the  9th,  corresponds  with  one  of 
the  other  divisicms,  (the  fractional  part  in  this  ease  need  not  be  taken 
notice  of;)  then,  if  the  wheel  be  applied  to  the  edge  of  the  sector, 
close  to  the  piece  N,  and  the  legs  be  brought  together  until  it  reaches 
the  same  part  on  each  leg,  the  points  at  D  and  F  will  then  give  the 
proper  distance. 

The  method  of  constructing  the  following  tables  is  thus :  divide 
1000  (which  is  the  number  the  sector  is  supposed  to  be  divided  in- 
to) by  the  number  of  the  wheel,  and  multiply  this  product  by  the 
number  opposite  to  that  of  the  pinion  in  the  tahle^  and  this  will  be 
the  number  for  that  wheel.  The  sector  may  be  divided  into  any 
number  which  may  be  judged  most  convenient,  and  the  same  rule  will 
continue  to  answer  in  the  construction  of  the  tables,  or  rather  multiply 
1000  by  the  number  in  the  table,  and  divide  by  die  number  of  the 
wheel. 

Mr.  Pennington  has  said,  multiply  the  product,  whereas  he  should  hav& 
said,  multiply  the  quotient,  by  the  number  opposite  that  of  the  pinion  in 
the  Table,  p.  8.  of  his  pamphlet.     See  2d  Table,  page  105» 
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A  better  way  is  to  multiply  1000  by  the  number  in  the  table,  and  di- 
^e  by  the  number  of  the  wheel  teeth.  For  example,  a  pinion  of  8,  and 
4  wheel  of  96.1000x5.7-r-96=i59j4S  neady.  The  numbers  in  the  ta- 
bles here,  were  made  according  to  the  last  rule. 
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Tboee  who  mig^  liaTe  occuioii  to  have  wkeek  and  pinions  of  such 
nuinben  as  are  not  in  these  Tables^  may  easily  by  analogy  compute 
where  to  set  the  sector,  to  give  ^  pitching  for  a  number  oif  any  pinion 
and  wheel  whaterer. 

The  sector  can  be  made  useful  in  another  way,  in  giving  the  sizes  of 
wheels  and  pinions,  their  pitchiugs,  &c* 

Supposing  the  distance  of  the  centres  of  a  wheel  and  jnnion  is  two 
inches,  and  eight  tenths  ci  an  inch,  and  it  is  required  to  fin)  the  dia- 
meters of  the  wheel  and  pinion,  the  wheel  to  have  120  teeth,  and  the 
pinion  20  leaves.  To  find  the  acting  semi-diameters,  say,  as  the 
sum  of  the  wheel  and  pinion,  is  to  the  distance  of  their  centres,  so  is 
the  number  of  teeth  which  the  wheel  is  to  have,  to  its  acting  semi-dia^ 
meter  120+20=140,  and  as  140  :  2800  ::  120  to  a  fourth  term  which 
is  found  to  be  2400,  or  2*4  inches  for  the  acting  semi-diameter  of  the 
wheeL  To  get  the  semi-diameter  of  the  acting  pert  of  the  pinion, 
say,  as  140,  the  sum  of  the  teeth  of  the  wheel  and  cf  the  pinion,  is  to 
the  distance  of  their  centres,  so  is  the  number  of  the  pinion  to  its 
acting  semi-diameter,  which  will  be  found  to  be  400,  or  four  tenths 
of  an  inch.  The  inch  is  here  supposed  to  be  divided  into  a  thousand, 
which  is  the  reason  of  the  distance  of  the  centres  being  expressed  by 
2800.  Taking  a  radius  of  2400,  and  from  the  centre  of  the  wheel's 
place,  describe  a  circle,  then,  with  a  radius  of  400,  describe  from  the 
centre  of  the  pinion's  place  another  circle ;  these  circles  will  touch 
or  coincide  with  each  other  on  the  line  joining  their  centres,  and  this 
place  of  toudung  is,  in  mill  machinery,  called  the  pitch  line,  and  by 
Comttf  the  circles  are  caUed  the  primitive  circles.  Taking  these  dia^ 
meters  as  diey  are  now  given,  diat  is,  the  pinion  at  .8  of  an  inch,  and 
the  wheel  at  4.8  inches,  these  being  set  to  their  respective  places  on  the 
sector,  that  is,  to  120  and  to  20;  dien  122.25  taken  from  the  sector 
will  be  the  true  diameter  of  the  whed,  and  21.5  taken  also  from  the  sec- 
tor, that  of  the  pinion,  which  are  what  was  required. 

The  converse  of  this  nile  is  obvious.  Let  it  be  required  to  find  the 
distance  of  the  centres  of  a  wheel  and  pinion,  so  as  they  can  be  set  to 
n  proper  pitching.  It  is  supposed  to  be  a  settled  point,  that  two  and  a 
quarter  may  be  taken  on  the  sector,  or  line  of  equal  parts,  over  and 
above  the  number  of  the  wheel  teeth,  when  the  wheel  drives  the  pinion ; 
and  the  pinion's  place  on  the  sector,  at  one  and  a  half  more  than  the 
number  of  leaves  which  it  contains.  But  when  the  pinion  leads  the 
wheel,  the  addenda  for  it  must  be  two  and  a  quarter,  and  that  for  the 
wheel  one  and  a  half. 

The  wheel  having  120  teeth,  and  the  pinion  20  leaves,  it  is  re- 
quired to  find  the  distance  of  their  centres.     Set  the  wheel  to  122.25 
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on  the  sector*  and  from  120  to  120  across  take  the  distance,  the  ha]f 
of  which  take  as  a  radius,  and  with  it  describe  a  circle  from  the  oeA« 
tre  of  the  wheel's  place ;  let  a  strai^t  line  be  drawn  from  the  wheel's 
centre,  towards  the  place  where  the  centre  of  the  pinion  is  required 
to  be.     The  pinion  20  being  set  to  21.6  on  the  sector,  let  the  dis* 
tance  20  be  taken  from  it,  and  with  the  half  of  this  as  radius,  set  one 
foot  of  the  compasses  at  the  place  where  the  wheel's  circle  intersects 
the  straight  line,  and  with  the  other  foot  intersect  this  line ;  this  in- 
4er8ection  will  then  be  the  distance  of  the  centres,  where  the  wheel  of 
120,  and  the  pinion  of  20,  wiU  pitch  properly  together.     The  -same 
opening  of  the  sector  must  serve  for  both  wheel  and  pinion,  if  they 
are  duly  proportioned  to  one  another.     If  these  operations  are  care* 
fuUy  gone  about,  the  diameters  of  wheels  and  pinions,  and  their  dis- 
tance of  centres,  May  be  very  accurately  obtained,  *  in  woik  approach^ 
ing  near\y  as  small  as  that  of  watch-work,  and  in  which  too  it  even 
might  be  done,  if  required.     An  esuunple  of  such  may    be  taken: 
The  distance  of  the  centres  of  a  wheel  and  pinion  is  .8  of  an  inch, 
which  call  800,  being  800  thousandths  of  an  inch.     The  wheel  is  to 
have  84  teeth,  and  the  pinion  16  leaves,  it  is  required  to  find  their 
diameters?     The  sum  of  the  wheel  and  pinion  is  100;  then  say,  as 
100  is  to  800,  so  is  84,  the  number  of  the  wheel  teeth,  to  a  fourth 
number,  which  will  be  the  acting  semi-diameter  of  the  wheel.     100  :  800 
:  :  84  :  672,  which  b  the  acting  semi-diameter,  being  672  thousand  parts 
of  an  inch.     The  acting  semi-diameter  of  the  pinion  is  found  in  the 
same  way.     100  :  800  : :  IB  :  128,  the  number  of  the  thousand  parts  of 
an  inch  for  the  acting  semi-diameter  of  the  pinion.     Then  672-1-1 28= 
800,  the  distance  of  their  centres.    With  these  numbers,  672  ftnd  128, 
taken  as  radii,  describe  circles,  take  the  diameter  of  each  and  apply 
them  to  their  respective  numbers  on  the  sector,  viz.  84  and  16,  and  with 
this  opening  take  86.25  from  the  sector  for  the  diameter  of  the  wheel, 
.and  17.5  for  that  of  the  pinion,  which  will  be  their  true  diameters. 

Having  a  wheel  of  84  teeth  and  a  pinion  of  16,  it  is  required  to 
£nd  the  distance  of  their  centres?  Set  the  wheel  to  86.25  on  the 
sector,  and  from  84  to  84  across  take  the  distance,  with  the  half  of 
which  taken  as  radius,  describe  a  circle  whose  centre  is  in  some  straight 
line  or  other;  the  pinion  being  set  to  17.5  on  the  sector,  take  the 
distance  between  16  and  16  on  the  legs  of  the  sector,  and  with  the 
ihalf  of  this  distance  taken  as  radius,  describe  a  circle  on  the  same 
jright  line  where  the  wheel  circle  is,  whose  circumference  shall  faU 
in  with  that  of  the  wheel ;  the  distance  between  their  centres  will  bo 
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the  distance  where  the  wheel  of  84,  and  the  pinion  of  16  will  pitch 
property  together. 

For  such  purposes  as  these,  it  is  requisite  to  have  very  nice  dividers 
or  compasses,  and  a  scale  having  the  ynch  divided  into  tenths  an^ 
thousandths  of  an  inch. 

It  b  more  than  forty  years  since  we  urged  the  expediency  of  work- 
men in  the  different  branches,  making  use  of  inches  and  parts  of  an 
inch,  in  whatever  kind  of  gage  was  used ;  and  from  this  would  re. 
suit  much  ease,  convenience,  and  advantage^  not  only  to  themselves 
but  to  those  who  employed  them,  or  gave  them  ord/ers  for  what  might 
be  wanted.  To  show  how  irregular  they  are  in  this  part  of  th«r 
business,  for  example,  one  movement-maker  had  his  pillars  called  13 
and  his  frame  or  pillar  plate  8,  as  one  of  his  movement  sizes ;  ano- 
ther had  also  a  way  of  expressing  by  numbers  his  sizes,  but  differing 
from  those  of  his  neighbor;  and  neither  of  them  had  the  smallest 
analogy  to  any  known  measure,  each  having  his  gage  made  accord- 
ing to  his  own  fancy.  Were  every  size,  either  in  height  of  pillars, 
or  verges,  diameters  of  plates,  dials,  glasses^  &c.  expressed  by  mea., 
sures  of  inches  and  its  parts,  every  one  could  then  understand  what 
he  had  ordered,  and  what  he  had  to  expect  The  breadth  of  springs 
and  their  lengths,  should  be  expressed  in  the  same  may,  and  even 
their  weight  in  grains,  or  in  ounces,  pennyweights,  and  grains  troy. 
There  seems  to  be  but  little  difficulty  in  adopting  a  plan  of  thia 
sort;  but  it  has  not  yet  been  done,  and  we  regret  to  say  we  suspect  it 
never  will. 

The  following  is  a  description  of  a  sliding  scale  of  equal  parts,  of 
such  general  utility,  that  no  clock  or  watch-maker  ought  to  be  with- 
out having  one  of  them,  as  it  supplies  the  place  of  a  sector,  of  a 
pitching  tool,  of  callipers,  or  pimon  gages ;  it  may  be  used  also  as 
compasses,  or  dividers,  and  as  a  pivot  gage  for  clock  pivots ;  it  might 
be  mther  heavy   for  watch  pivots,  which  would  require  a  very  small 
sector,  or  micrometer  spring  gage^  such  as  Berthoud  used ;  the  com- 
mon pivot  gage  with  holes  not  being  readily  reducible  so  as  to  give 
the  diameter  of  the  pivots  to  a  known    measure;  the    sliding  scale 
may  be  made  to  various  sizes,  or  according  to  what  description  of  work 
it  is  intended    chiefly  to  be  applied: — Take  a  piece  of  plate  brass 
well  hammered,  seven  inches  in  lengths  three  quarters  of  an  inch  vx 
breadth,  and  about  one  tenth  of  an  inch  thick,    made  very  straight 
and  plain  on  the  sides  and  edges,  like  to  what  may  be  called  a  plain 
scale  or  straight  edge;  let   there  be  put   on  one  of  the    sides,  twa 
slips  of  well  hammered  plate  brass,  whose  sides  and  edges  are  truly 
filed,  one  of  the  edges  on  each  must  be  filed  a  little  bevelled*  so  9& 
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when  the  slips  are  fixed  to  the  scale,  these  edges  wiH  form  a  dove- 
tail ;  the  slips  are  fully  six  inches  long,  one  quarter  of  an  inch  broad, 
and  one  twentieth  of  an  mch  thick  :  the  square  edges  of  the  slips  must 
coincide  with  the  outer  or  plain  edges  of  the  scale  when  fast  pinned 
on  it,  the  space  then  between  the  bevelled  edges  will  be  about  three 
tenths  of  an  inch  in  breadA ;  in  this  space,  another  piece  of  good 
and  weU  hammered  plate  brass  is  fitted,  being  of  ike  same  thickness 
with  the  pinned  on  slips,  and  somewhat  more  than  two  inches  long, 
having  a  small  slit  of  half  an  inch  long  made  in  each  end,  and  near 
to  the  side  which  is  opposite  to  that,  on  which  a  nonius  or  vernier  is 
to  be  put ;  the  small  slips  at  the  end  made  by  the  slits  are  sec  out  a 
little,  so  as  to  form  or  give  a  kind  of  spring  tightness  to  this  piece  of 
brass  when  moving  in  the  dovetail  groove,  and  keep  the  side  where 
the  nonius  is,  close  up  against  the  slip  fixed  on  the  scale.     On  this 
slip,  at  the  fine  of  the  bevelled  edge,  is  laid  down  six  inches,  num- 
bered O,  1,  2,  3,  &C.  to  6,  each  inch  divided  into  ten,  and  each  tenth 
divided  into  five,  so  that  each  inch  is  divided  into  fifty  parts.     On  die 
piece  of  brass  fitted  into  the  dovetail  groove,  and  at  the  line  wfaidli 
oonesponds  with  the  inches  and  parts  laid  down  on  the  scale,  is  the 
nonius  laid  down,  consistkig  of  20  divisions  of  equal  parts,  and  num- 
bered into  twice  five  and  ten.     These  20  divisions  on  the  nonius  cor- 
respond to  19  divisions,  or  nineteen  fifUeths  on  the  scale,  and    by 
this   means  the  nonius  can  divide   each  fiflieth  into   twenty,    conse- 
quently an  inch  can  be  divided  into  a  thousand, — a  measure  so  ex- 
tremely small,  that  few  could  work  nearer,  or  even  up  to  it,  in  the 
very   nicest   parts  of  watch-making.     The  beginning  of  the  nonius 
divisions  is  distinguished  by  a  sort  of  lozenge,  which  corresponds  to 
zero  or  O  on  the  scale,  when  the  dovetail  piece  is  home  to  its  place. 
On  the  outside  of  &e  slips  on  the  scale  are  screwed  two  thin  pieces 
of  steel  MBWwfaat  in  the  form  of  a  square,  one  leg  of  the  square  being 
screwed  on,  the  other  projects  beyond  the  edge  of  the  scale  about 
4aee  tenths  of  an  inch,  one  at  each  side  or  edge ;  another  thin  imd 
nearly  straight  piece  of  steel  is  screwed  on  to  the  dovetail  piece,  near 
to  the  end  opposite  to  that  on  which  the  lozenge  is  engraved*    When 
the  line  of  the  lozenge  corresponds  with  O  on  the  scale,  then  the  edge 
of  the  steel  square,  (which  is  on  that  side  of  the  scale  opposite  to  that 
where  the  divisions  are  laid  down,)  and  the  piece  of  steel  which  is  on 
the  dovetail  piece  meet  or  coincide ;  between  these  edges,  the  dia^ 
meters  of  wheels  and  pinions,  &c.  are  taken,  the  lozenge,  or  some 
division  of  the  nonius  corresponding  to  the  number  on  the  scale,  gives 
the  diameter  in  inches,  tenths,  and  thousands  :  between  the  edge  of 
the  other  steel  square  and  the  corresponding  end  of  the  steel  piece  on 


SLIDING    8CALC    PtTCdl^O   TOOt.  llS 

^  dovetail,  a  smaD  opening  is  left,  in  space  equal  to  the  outside  of  the 
opposite  steel  ends^  when  home  at  0  or  zero ;  this  is  for  taking  the  Out* 
aide  diameter  of  any  thing,  the  other  for  the  inside  of  that,  for  which 
tfie  other  is  intended  to  he  fitted  into.  On  the  end  of  the  dovetail  piece, 
outside  of  the  steel  piece,  is  filed  a  small  brass  stud,  another  small  stud 
somewhat  larger,  whose  shoulder  moves  along  the  space  of  the  scale, 
which  is  between  the  doiretail  edges;  an  opeliing  is  made  in  this 
space  4.5  inches  long,  and  three  twentieths  of  ad  inch  wide ;  a  dou-* 
hie  shouldered  scrowf  having  a  steel  collet,  add  brass  milled  head ;  the 
double  shoulder  comes  from  under  the  scale,  and  through  the  open-' 
ing  the  screw  is  tapped,  and  works  in  a  hole  in  the  sole  of  &e  largest 
brass  stud ;  another  milled  headed  screw  turns  in  the  kigest  brass 
stud,  the  head  near  the  stud  outside ;  this  part  of  the  sprew  cannot 
move  endways  in  the  stud ;  the  tapped  part  turns  in  a  screwed  hole 
in  tlie  head  of  the  smallest  brass  stud.  The  screw  under  the  scale 
fixing  the  largest  brass  stud  on  the  dovetail  spaoe,  the  other,  on  being 
turned,  will,  by  means  of  the  smallest  stud,  bring  the  nonius  very  ac« 
curately  to  the  place  wanted  on  the  scale;  the  long  opening  is  for 
the  double  shoulder  of  the  screw  to  move  back  and  forward  in,  along 
with  the  dovetail  piece  and  nonius  on  it  A  very  small  and  nice 
beam  compass  is  requisite  to  accompany  this  sliding  scale;  or  two 
small  and  short  cylindrical  steel  pins  with  conical  points  may  be  at* 
tached  to  the  scale  itself,  as  done  in  the  one  we  use.  When  the 
lozenge  is  h<Hne  and  coinciding  with  0,  let  a  hole  be  made  through 
the  dovetail  piece  nuw  to  the  end  where  the  nomua  i»  laidf  and 
the  scale  truly  opened,  so  as  the  steel  points  may  stand  perpendicular 
to  the  plane  of  the  scale,  and  coincide  in  the  same  point ;  but  to  thifl 
point  they  cannot  be  brought,  when  the  one  point  is  fixed  to  the 
scale,  and  the  other  to  the  sliding  dovetail  piece  ;  one  of  these  points, 
the  one  which  vs  attached  to  the  sliding  piece,  will  require  to  be  un- 
fixed or  taken  out  of  its  place  for  the  time,  when  very  small  diadie-' 
ters  are  to  be  taken.  In  making  use  of  this  sliding  scale,  a  little 
knowledge  of  the  rule  of  proportion,  and  of  decimab,  is  necessary ;  by 
it  the  size  of  the  pinions  may  be  had  before  the  wheels  are  made,  or 
give  the  diameter  of  a  wheel  to  a  given  pinion.  Clock-makers,  before 
making  their  pinions,  are  in  the  practice  of  first  having  their  wheels 
cut ;  as  it  is  from  the  teeth  and  spaces,  they  get  the  diameter  of  their 
pinions.  By  the  proper  use  of  this  scale,  the  pinions  may  be  made 
at  any  time,  whether  the  wheels  are  made,  cut  or  not  cut  Clock  and 
watch-makers  have  different  methods  for  taking  the  diameters  of  pi-* 
nions,  as  well  as  difiercnt  sizes :  some  take  more  or  less  of  teeth  and 

space   by   the  pinion  gage  dian  others  do,  and  the  greatest  accuracy 
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bjthwwayt  is  not  quite  attainable,  unless  having  very  extensive  and 
nice  practice.  Some  use  a  sector,  having  a  line  of  equal  parts  laid 
down  on  the  leg?,  and  just  at  their  iimer  edges ;  but  if  no  mistake  is 
made  in  calculation,  the  sliding  scale  appears  to  give  these  things  with 
the  greatest  degree  of  precision.    A  few  examples  with  it  shall  be  given. 

The  great  wheel  of  a  turret  clock  being  12  inches  in  diameter,  and 
having  120  teeth,  the  pinion  which  it  is  to  drive  to  have  20  leaves ; 
It  is  required  to  have  the  diameter  of  the  pinion  ? 

Saj,  as  120  teeth  +  2.26  (the  addenda  for  the  driver)  =  122.26 
is  to  12  inches,  or  12000,  the  diameter  of  the  wheel,  so  is  20  the 
pinion  leaves  +  1.6  (the  addenda  for  the  driver)  s=:  21.6  to  a  fourth 
number,  whkh  will  be  that  for  the  diameter  required. 

Then,  as  122.26  :  12000  : :  21.6  :  x 

21.6 


60000 
12000 
24000 


122.26)268000.0(2110.4.      The  number  required  for  the 
24460  diameter  of  the  pinion.    Say  2.1 

inches,  and  fjfW  of  an  inch. 


13600 
12226 

12760 
12226 

62600 
48900 

3600 

The  diameter  which  is  given  here  for  the  pinion,  is  greater  than 
the  projection  of  the  steel  edges  of  the  sliding  scale  can  take  in,  which 
was  not  intended  for  work  quite  so  large ;  yet  when  it  is  set  to  2110.4, 
die  diameter  may  easily  be  transferred  from  the  steel  edges  by  means 
of  a  pair  of  calipers.  In  such  large  work  as  this,  what  cannot  be 
done  by  the  sliding  scale,  may  be  done  very  easily,  and  with  the 
greatest  exactness  by  the  common  Gunter's  scale,  where  inches,  tenths, 
and  two  hundredths  of  an  inch,  can  be  taken. 

The  great  wheel  of  an  astronomical  clock  having  96  teeth,  the  dia- 
meter 3.2  inches,  and  ri^  of  an  inch  more,  or  say  3220,  the  pinion 
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wUdi  it  k  to  driv6  is  to  have  dOfeftves:  Whitmust  the  diaiiieler  of  fliie 
pnioii  het 

96+2«26»98.35.    The  diameter  MSO,  and  the  pinion  dO+1.6i*> 
S1.5. 

Then,  as  9&25  :  3S30  :. :  81.5  :  x 

81.5 


16100 
3220 
9660 


98.25)101430.0(1032.3.    The  diameter  of  the  [union  must 
9825  be  1  mch,  and  i^f  of  an  inch. 


31800 
29475 


23250 
19660 

86000 
29475 

6626 

The  great  wheel  of  a  common  eight-day  clock  having  96  teeth,  and  3.2 
inches  in  diameter,  or  3200 ;  the  second  wheel  pinion  8,  what  should  be 
the  diameter  of  the  pinion  t 

As  98.25  :  3200  : :  9.5  :  309.4.  The  diameter  of  the  pinion  must 
be  .3  <tf  an  inch,  and  nA*^  of  an  inch  more. 

The  diameter  of  anj  wheel  (by  having  the  diameter  of  the  pinkm) 
may  be  found  in  the  same  way  as  that  of  the  pinions. 

The  diameter  of  the  centre,  or  second  wheel  pinion  of  a  spring  elock* 
being  2.8  tenths  of  an  inch,  or  280,  and  8  leaves,  the  great  wheel  to 
have  96  teeth :  Required  the  diameter  T 

Say,  as  9.5  :  280  : :  98.25  :  x,  or  2895.a  The  diameter  which  the 
great  wheel  ought  to  be,  being  2.8  inches,  and  i^^  at  an  inch* 

Having  a  wheel  of  120  teeth,  and  whose  diameter  was  4.8  inches, 
to  get  the  diameter  of  a  pinion  of  48,  a  slip  of  paper  was  extended 
over  50  teeth,  acconling  to  a  rule  of  M.  Berihoud^s^  which  measured 
in  length  6200  as  the  circumference  of  the  pinion.  From  this  cir- 
cumference to  find  the  diameter,  say    855  :  113  : :  6200  :  1973,  this 
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last  iiumber  is  the  diameter  of  the  pimon.  Bj  the  sanie  method* 
1012  was  given  for  the  diameter  of  a  pinion  of  24 ;  and  for  a  pinion 
of  12, 539  for  the  diameter  of  it* 

Calculating  these  numbers  by  the  rule  given  when  using  the  sliding 
scalet  they  were  1943,  1001,  and  530;  and  comparing  them  with 
those  given  by  Berthoud's  rule,  it  will  be  seen  that  it  gives  the  diame- 
ters mther  too  large.  It  may  be  observed  here,  that  pinions  of  lesser 
numbers  have  a  greater  diameter  in  proportion  than  those  of  iouble  or 
quadruple  the  number.  For  example,  the  pinion  here  of  12  has  the 
diameter  630 ;  this  multiplied  by  4,  will  be  2120,  and  the  diameter  of  the 
pinion  of  48,  wius  only  given  1943.  But  the  more  a  pinion  approxi- 
mates i9  number  to  the  wheel,  the  less  will  be  the  difference  of  the  ratio 
of  their  diameters. 

It  would  appear,  as  has  already  been  hinted,  that  Berthoud  had 
relinquished  the  rules  for  taking  the  diameters  of  pinions,  as  given  in 
Jus  Eesai^  by  comparing  them  with  the  pinions  in  a  very  fine  marine 
time-keeper,  No*  xxxiii.  Iwoent^e  par  Ferdinand  Berthoud^  1786, 
being  twenly-two  years  after  the  publication  of  his  Easai.  All  the 
pinions  in  it  had  16  leaves,  and  were  all  of  the  same  diameter, 
148,  as  taken  by  the  gage  of  the  sliding  scale,  measuring  ten  teeth 
and  spaces  of  the  wheels,  whereas  they  should  have  measured  eleven 
teeth  and  spaces.  The  slip  of  paper  method  would  have  made  their 
circumference  620;  and  the  diameter  lCi5.d,  or  11.18  teeth  and 
apaces,  giving  a  much  greater  diameter  than  what  he  had  afterwards 
adopted  in  his  practice.  The  diameter  of  the  great  wheel  1761,  and 
192  teeth,  driving  a  pinion  of  16  leaves :  Required  the  diameter  of  the 
pinion?  Say,  194.26  :  1761  :  :  17.6  :  167.7;  this  last  number  is  then 
gfaater  than  148  by  -Afu  of  an  inch.  All  the  pitchings  in  this  time- 
keeper were,  however,  extremely  good,  the  teeth  apparently  approached 
to  that  of  having  a  drop,  and  yet  it  could  not  be  confidently  said  that 
they  bad. 

The  rule  which  Mr.  Hatton,  (in  his  introduction  to  the  mechanical 
part  of  clock  and  watch-making,)  has  given  for  finding  the  diameters 
of  pinions,  will  make  them  too  large :  and  that  which  is  given  in  a 
very  respectable  work  (Rees'  Cyclopaedia)  will  make  them  larger 
stilL  The  rules  are  nearly  the  same  in  both,  only  Mr.  Hatton's 
addenda  is  1,  and  that  of  the  odier  is  1.6.  Multiply  the  number  in- 
tended fbr  the  pinion  by  2,  then  divide  the  product  by  3,  and  to  the  quo* 
tient  add  1,  or  1.6,  as  they  may  apply,  and  this  will  be  the  diameter  in 
teeth  and  spaces,  taken  fix)m  the  wheel  which  is  to  drive  the  pinion* 
An  example  shall  be  taken  in  boA  ca^es  for  the  diameter  of  a  pinion  of 
Sleftvest 
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6K2»16-^3i-5i+l     -i6i 
8^2  —  16-^3  —  5i +  1*5  1-6.8. 

Although  the  rule  now  to  be  giveiit  diflen  not  very  materially  from 
the  two  last,  yet  it  will  be  found  to  be  a  good  one,  and  give  such  diame- 
ters to  the  pinions  as  will  at  all  times  and  cases  ensure  safe  pitching. 
Multiply  the  given  number  of  the  pinion  by  2,  to  the  product  add  1, 
and  then  divide  by  3,  the  quotient  will  be  the  diameter  required. 
Take  the  foimer  as  an  example,  8><2nl6  +I"»17-r3  n6f . 
Beiog  three  teeth,  two  spaces,  and  two  thirds  of  a  space,  taken  by  the 
calipers  firom  the  teeth  of  a  wheel  not  rounded  up,  and  which  will  be 
a  diameter  sufficiently  huge.  In  taking  the  diameter  for  a  leading 
pinion,  it  will  make  but  a  veiy  small  difference,  whether  the  addenda 
is  two,  or  two  and  a  quarter.  For  a  pinion  of  eight,  the  diameter  in 
the  one  case  is  6,  and  in  the  other  6.08. 

In  a  veiy  excellent  ck>ck,  which  was  planned  out  by  a  very  in- 
genious artist,  and  executed  by  another,  who  (it  may  truly  be  said)  have 
perhaps  not  left  their  equals  behind  them,  were  two  leading  pinions 
so  very,  accurately  made,  that  it  has  been  thought  proper  to  give  them 
a  place  here.  One  of  them,  a  pinion  of  8,  leading  a  wheel  of  96 
teeth,  and  3  inches  in  diameter ;  the  diameter  of  the  pinion  by  the 
sliding  scale  was  316.  To  find  its  diameter,  say,  as  97.5  :  3000  : : 
10.26 :  315.6 ;  this  last  is  so  near,  that  between  it  and  the  actual 
diameter  316,  there  is  not  t^tw  of  an  inch  of  diflference.  The  other 
a  pinion  of  12,  leading  a  wheel  of  365  teeth,  whose  diameter  was  7.9 
inches,  that  of  the  pinion  307.  To  show  what  it  ought*  to  be,  sayt 
as  366.5  :  7900  : :  14.25  :  307. ;  such  extreme  accuracy  is  rarely  to  be 
met  witL  The  diameter  of  the  great  wheel  of  a  clock  being  3.2 
inches,  having  96  teeth,  and  the  pinion  which  it  is  to  drive  has  8 
leaves :  Required  the  distance  their  centres  should  have,  so  as  they 
may  pitch  properly  together  ?  Say,  as  98.25  is  to  3200,  die  diameter 
of  the  wheel,  so  is  half  the  sum  of  the  wheel  and  pinion  added  to- 
gether, to  a  number  which  shall  be  the  distance  required.  96+8"k 
104,  half  of  which  is  52  ;  then  98.25  :  3200  : :  52  :  1693.6,  the  dis- 
tance which  the  centres  ought  to  have,  which  is  1.6  inch,  and  -f^i  of 
an  inch  more. 

Having  the  distance  of  the  centres,  it  is  required  to  find  the  dia- 
meter of  a  wheel  of  96  teeth,  and  the  diameter  of  a  pinion  of  8,  which 
i^  is  to  drive,  so  that  they  may  pitch  properly  together?  The  half 
^um  of  the  wheel  and  pinion  is  52,  the  distance  of  the  centres  is 
1(593.6,  9Qd  the  wheel  96+8-25  «»98.25 ;  then  say,  as  62  :  1693.6  : ; 
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98.25 :  3199.9,  which  number  is  that  for  flie  diameter  of  the  wheel 
96,  and  is  within  TirWir  part  of  an  inch  of  3200.  To  find  the  dia- 
meter of  the  pinion,  saj,  as  62 :  1693.6  : :  9.5  :  309.4,  the  nundier 
for  the  diameter  of  the  pinion  being  the  same  as  was  found  in  an- 
other case.  The  examples  given  here  for  the  practical  clockmaker, 
ought  to  be  sufficient  for  the  watchmaker  also :  but,  in  order  to  make 
the  matter  as  familiar  to  the  latter  as  possible,  a  few  cases  ma^  be 
taken  with  watch  wheels. 

The  iusee  great  idieel  of  a  repeating  watch,  having  60  teeth,  and 
780  in  diameter,  the  second  wheel  pinion  (which  it  is  to  turn)  to  be  12 : 
Required  the  diameter  of  the  pinion  ?  Say,  as  6^.25  :  780  : :  13.5 : 
169,  the  number  of  thousand  parts  of  an  inch  on  the  sliding  scale, 
taken  from  between  the  steel  edges,  for  the  diameter  of  the  pinion. 
The  second  wheel  of  the  same  watch  having  64  teeth,  and  the  diar 
meter  668,  the  pinion  which  it  is  to  drive  to  have  8  leaves  :  Required 
the  diameter  of  the  pinion  1 

as  66.25  :  668 :  :  9.5  :  96. 

The  second  wheel  of  a  watch  having  100  teeth,  and  in  diameter 
769,  the  pinion  10  which  it  is  to  drive :  Required  the  diameter  of  the 
pinion  ?    As  102.25  :  769  : :  11.5  :  86.4,  the  diamet^  required. 

A  wheel  of  64,  and  one  inch  in  diameter,  drives  a  pinion  of  8  leaves  : 
Required  the  diameter  of  the  pinion  ?  As  66.25  :  1000  : :  9.5  :  143.4, 
the  diameter  required. 

To  find  the  diameter  of  a  wheel,  64  being  the  number  of  teeth 
which  it  is  to  have,  the  diameter  of  the  pinion  143.4,  and  8  leaves,  as 
in  the  last  example  t  As  9.5  :  :  143.4  :  :  66.25  :  1000.  The  number 
J  000,  or  one  inch,  is  the  diameter  required  for  the  wheel. 

The  diameter  of  a  fusee  great  wheel  of  60  teeth  is  780,  the  second 
wheel  pinion  which  it  is  to  drive  is  12 :  it  is  required  to  find  the  distance 
of  their  centres?  The  wheel  60,  and  the  pinion  12,  added  together,  make 
72,  the  half  of  which  is  36  ;  then  as  62.25  :  780  :  :  36  :  451,  the 
distance  between  the  centres,  being  4.5  tenths  of  an  inch,  and  rvW 
part  of  an  inch  more. 

The  diameter  of  a  second  wheel  of  64  is  668,  the  pinion  of  the  third 
wheel  which  it  drives  is  8  :  Required  the  distance  of  their  centres?  64 
+  8  B  72  -^  2  =:  36.  Then  as  66.25  :  668  :  :  36  :  363,  the  dis- 
tance between  the  centres ;  being  three-tenths  of  an  inch,  and  tS^ 
parts  of  an  inch  more. 

Supposing  the  fusee  great  wheel  to  be  lost,  'as  also  the  second 
wheel  pinion,  having  the  distance  of  their  centres,  to  find  what  should 
be  the  diameter  of  each,  so  as  they  may  be  made  to  pitch  properly 
together  at  the  given  distance  of  their  centres  ?    The  distance  given 
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10  46I9  tbe  grefit  wheel  is  to  have  60  teeth,  and  the  second  wheel 
pinba  to  be  12.  To  find  the  diameter  of  the  great  wheeU  say^  as  36 
(which  is  the  half  of  the  sum  of  the  wheel  60,  and  the  pinion  12,  added 
IcMgether,)  is  to  461,  so  is  62.25  to  the  diameter  reqiuired. 


36  :  461  :  :  62.25  :  x 
461 

36  :  461 :  :  13.6  :  x 
13.5 

6226 
31125 

24900 

2256 
1363 
451 

36)28074.75(780  Dia.  of  tha  wliwL 
252 

36)6088.5(169.  1  Dia.  of  th«  pmion. 
86 

287 

288 

248 
2>^ 

828 
324 

46 
36 

A  wheel  of  twice  the  diameter  ^  aaodier  wiS  contain  twice  (he 
number  of  teeth,  hot  the  area  of  the  circle  will  be  four  times  fliat 
of  the  otter,  ao  that  if  the  weight  is  eight  ounces,  that  of  the  other 
will  be  two,  both  being  supposed  of  equal  thickness, — ^the  citcum-^ 
ferenoes  of  ciicles  being  to  eaoh  other  as  their  diameters,  their  areas 
as  the  squares  of  their  diameters. 

Although  high  numbers  hayie  been  very  properiy  and  frequ^tlj 
reconmiended,  jet  there  isa  danger  in  carrying  this  too  ftr,  because 
they  require  to  have  the  size  or  diameter  of  the  pinions  a  little  less, 
than  to  those  where  common  numbers  are  used,  as  the  smallest  de« 
viatiim  or  wearing  of  the  holes  will  alter  them  considerably  in  their 
patchings ;  and  this  is  what  we  concMve  must  have  led  Berthoud  at 
last  to  have  the  diameters  <^  his  pinions  smaller  than  what  the  com- 
mon rules  give. 

A  sector,  and  a  sector  depthening  tool,  were  made  by  Mr.  Joseph 
Ridley,  for  which  the  Society  for  the  Encouragement  of  Arts,  Com- 
mence, &C.  voted  him  a  premium  of  twenty  guineas.  See  an  account 
of  them  published  in  1788,  in  the  sixth  volume  of  the  Transactions 
of  that  Society,  page  188,  accompanied  with  two  plates  of  the  sec- 
tors. 

The  description  nidiich  is  given  of  them  is  not  so  complete  as  could 
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have  been  wiahedi  nor  do  thej  appear  to  be  so  convenieni  as  the  ond 
made  by  Pennington,  which  serves  both  as  a  sector  for  taking  the 
proportional  sizes  of  wheels  and  pinions,  and  as  a  deptfaening  tooL 
In  this  of  Ridley's,  we  have  to  adjust  the  sector  to  the  half  sum  of 
the  number  of  teeth  in  the  wheel  and  leaves  in  the  pinion,  and  then 
bring  two  legs  of  the  depthening  tool  to  be  adjusted  to  this  pkce : 
this  is  requiring  two  sectors,  when  one  could  do  the  business  equally 
well.  It  is  objectionable  also,  by  the  steel  pins  or  cylinders  for 
marking  off,  standing  in  an  angular  position  to  one  another, — one  of 
them,  a  pumping  one,  is  held  up  in  a  perpendicular  position,  when 
niaridng  off  by  the  other  leg,  which  is  a  fixed  on^  and  thereby  is 
made  to  mark  off  in  an  oblique  position.  In  Pennington's,  the  two 
iTMM-lring  legs,  or  cylindrical  pins  with  conical  points,  stand  at  all 
times  piurallel  to  each  other,  and  they  will  set  off  at  any  opening  the 
true  places  of  wheels  and  pinions. 

The  plain  sliding  scale  is  much  preferable  to  either  Pennington's 
or  Ridley's,  only  it  requires  a  little  more  calculation  to  be  made  when 
using  it 

Some  few  years  ago,  we  had  seen  it  stated  somewhere,  (so  fiur  as 
we  recollect,)  that  a  sector  pitching  tool  had  been  invented  by  M. 
Le  Cerf,  watchmaker  in  (xeneva,  and  that  a  description  of  it  was 
given  in  the  68th  voL  of  the  Philosophical  Transactions.  Latolyt 
on  turning  up  this  volume,  we  were  much  disappointed  to  find  no 
detmpfton,  although  a  paper  was  given  in  by  the  inventor  to  Lord 
Yiscount  Mahon,  then  residing  at  Geneva*  along  with  the  two  in- 
struments, requesting  his  Lordship  to  present  them  to  the  Royal 
Society  of  London.  The  paper  is  entided,  *^  A  Description  of  the 
Instruments ;"  yet  in  reality  there  is  no  description  given  of  the  in- 
struments, although  a  long  detail  is  given  of  their  properties  and 
various  uses,  whereby  they  can  be  applied  to  the  properly  sizing  of 
wheels  and  pinions  in  watch-making,  &c  As  the  Reverend  Secre- 
tary of  the  Royal  Society  had  got  these  instruments  in  1778,  with 
the  said  description^  to  present  to  that  honorable  and  learned  body, 
it  is  to  be  regretted  that  a  drawing  or  engraving  had  not  been  taken 
of  them,  as  then  a  description  of  them  might  have  been  given, 
(though  not  in  the  inventor's  words,)  which  might  have  conveyed 
some  idea  of  the  mechanism  or  construction  of  these  machine$*  This 
term  is  used  by  the  inventor,  as  well  as  inarummU.  We  are, 
however,  humbly  of  opinion,  that  fix>m  what  has  been  said  of  Pen- 
nington's sector,  and  also  of  the  sliding  scale,  that  they  come  as  near 
to  the  purpose  as  those  of  M.  Le  Cerfl    And  taking  sizes  even  by 
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the  teeth  and  spacee  on  a  wheeU  for  die  me  of  a  pidibn»  eveiy  in* 
tefligent  worionan  knows  what  allo^i^Ahces  are  to  be  made,  acooiding 
as  ^  wheel  is  to  give  a  more  or  less  number  of  revolutions  to  die 
pinion* 


CHAPTER  Vi. 

da  Penduhms;  the  hifluence  of  gravity  on  ihtm  at  diffennt  parts  6f 
the  G2o6e,  compared  toith  the  influence  of  their  iuspensioth-springa  hj 
changes  of  temptraturei  ^c.  ^e. 

Thk  motion  <^  the  pendulum  is  intimately  connected  with  the  law 
of  falling  bodies.  £ar1y  in  the  seventeenth  century,  Gallileo  observed, 
that  a  body,  when  left  by  itself  to  fall,  the  spaces  it  descends  in  equat 
times  will  increase  as  the  odd  numbers,  1,3,  5,  7,9,  &c.,  ^ind,  when 
thrown  up  by  any  force,  the  spaces  gone  through  in  ascending,  decrease 
in  the  same  way,  nor  will  it  begin  to  fall  back  tiU  it  has  completed 
one,  the  last  number  in  the  decreasing  progression.  Suppose  the  line 
A  E,  Plate  III.  No.  12,  to  be  a  peipendicular  height  divided  into 
16  equal  parts,  each  of  which  to  represent  a  space,  eqtial  to  that  which 
a  falling  body  goes  dirough  in  the  first  second  of  time  When  descend* 
ing.  From  experience  and  demonstration,  this  is  foulid  to  be  16  feet 
1  inch,  and  a  small  fraction  of  an  inch  more :  taking  it  for  such  M 
measured  from  A  to  B ;  in  the  next  second  of  time  it  falls  from  B 
to  G,  a  space  three  times  that  of  A  B ;  in  the  third  second,  it  fiilld 
from  C  to  D,  which  is  five  times  that  of  A  B ;  and  firom  D  it  falls  to 
E,  seven  times  the  length  of  A  B,  in  the  fourth  second  <^  time.  The 
square  of  the  times  is  proportional  to  the  spaces  descended  by  a  fiilling 
body ;  for  example,  in  fidling  firom  A  to  E,  the  time  was  four  • 
seconds,  and  the  space  descended  257.438  feet,  being  the  product  of 
16  feet  1  inch,  and  .079  of  an  in^h,  multiplied  by  16,  the  square  of  the 
lime  of  falling.  From  A  to  C  it  falls  in  two  seconds,  the  sqpore  of 
which  is  4,  and  16iVx4  »  64  feet  4  inches,  the  leng&  of  the  space 
descended. 

It  can  be  shown,  that  the  square  of  the  diameter  of  a  circle  is  to 
the  square  of  its  circumference,  as  the  length  of  a  pendulum  is  to 
double  the  height  fit>m  which  a  body  falls  during  the  time  of  one  of 
its  vibrations.    A  pendulum  which  vibrates  seconds,  being  in  length 

16 
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39.126  inches,  it  can  thence  be  deduced  from  what  hei^t  a  heavy 
body  will  fiiU  in  one  second  of  time.  Let  113  be  taken  for  the  diar 
metOTf  and  366  for  the  circumference  of  a  circle;  then,  as  the  square 
of  113  is  to  the  square  of  356,  so  is  39.126  inches,  the  length  of  a 
seconds  pendulum,  to  386.168  inches,  the  half  of  which  is  193j079 
inches,  or  16  feet  1.079  inch,  the  space  which  a  falling  body  will  de- 
scend in  one  second  of  time.  By  taking  19.663  inches,  the  half  of 
the  length  of  the  seconds  pendulum,  the  same  result  is  more  directly 
obtained  ;  that  is,  as  12769  :  19.663  :  :  126026  :  193.079  —  193.079 
inches  is  the  height  from  which  a  heavy  body  will  descend  (or  fall 
through),  in  the  time  of  one  vibration  of  a  second's  pendulum ;  the 
length  of  this  pendulum  may  be  found  by  the  following  proportion,  as 
126026  :  12769  :  :  193.079  :  19.663,  and  twice  19.663  «  39.126  inch- 
es, the  required  length  of  the  pendulum.  If  a  pendulum  makes  two 
vibrations  in  the  time  that  a  heavy  body  takes  to  fall  193.079 
inches,  its  length  may  be  known  as  thus  :  The  square  of  two  is  four, 
by  whi^h  divide  the  length  of  the  seconds  pendulum,  and  9.78  inches 
is  given  for  the  length  of  the  other  pendulum.  The  second's  pendulum 
being  shorter  at  the  equator  than  in  the  latitude  of  London,  a  heavy 
body  there  will  fall  through  a  less  space  in  a  second  of  time ;  at  the 
pole  it  will  fall  through  a  greater  space,  the  length  of  a  seconds 
pendulum  being  greater  there.  The  force  of  gravity  at  the  equator 
being  to  that  at  the  pole,  as  144  to  146.  As  they  apply  to  this  subject, 
the  following  are  some  particulars  of  an  astronomical  clock  made  by 
Geoif^e  Graham,  and  sent  in  the  year  1731  out  to  Black  River,  in 
the  island  of  Jamaica,  in  the  latitude  of  18<^  north :  The  clock  weight 
that  keeps  the  pendulum  in  motion  is  12  lbs.  lOj*  oz.  and  is  to  be 
wound  up  once  a  month.  The  weight  of  the  pendulum  itself  is  17  lbs* ; 
spi  during  the  time  that  the  clock  was  compared  with  the  transits 
qf  the  star  Lucida  Aquite,  it  vibrated  e^ch  way  from  the  perpendicular 
1^  46'*.  The  magnitude  of  the  vibrations  was  estimated  by  means 
of  a  brass  arch,  which  was  fixed  just  under  the  lower  end  of  the  pendulum 
rod)  and  divided  into  degrees,  fcc.  August  31st,  Mr.  Graham  took  off 
the  weight  belonging  to  the  dock,  and  hung  on  another  of  6  lbs. 
3  oz.,  and  with  this  weight  the  pendulum  vibrated  only  l^  16'  on  each 
fiideY  and  the  clock  went  slower  li  seconds  ii^  24  hours,  than  when 
its  own  weight  of  12  lbs.  lO^i*  oz.  was  hung  on.  On  comparing 
the  vibrations,  it  appears,  that  in  one  apparent  revolution  of  the 
atarst  the  clock  went  2  minutes,  6i  seconds,  slower  in  Jamaica  than 
in  London ;  deducting  therefore  8it  seconds,  on  account  of  the  greater 
heat  in  Jamaica  there  remains  a  difference  of  1  minute  68  seconds. 
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wUeh  must  nooomantf  arise.  Without  entering  into  tte  dtopui^ 
•bout  die  figure  of  the  eluth,  Mr.  Bradley  at  present  supposea^  irith 
Sir  Isaac  Newton,  that  the  increase  of  gravity,  as  we  recede  &om 
the  equator,  is  neariy  as  the  square  of  the  sine  of  the  latitude,  and 
that  the  difference  in  the  length  of  pendulums  is  proportional  to  Ae 
augmentation  or  diminution  of  gravity. 

On  these  suppositions,  Mr.  Bradley  cdlects  from  the  abofre  nMi^ 
tioned  observations,  that  if  the  length  of  a  simple  peoduhun  that 
swings  seconds  at  London,  be  89.136  English  inches,  the  lengdi 
of  one  at  the  equate  would  be  39.00,  and  at  the  poles  89.206.  Aiid 
abstracting  from  the  alteration,  on  account  of  different  degrees  of 
heat,  a  pendulum  clock,  that  would  go  true  under  the  equator,  will 
gain  3  minutes,  48^  seconds  in  a  day  at  the  poles;  but  the  num- 
ber of  seconds  that  it  would  gain  in  any  other  latitude  would  be, 
to  3  mimitoflj  48^  soconds,  neariy  as  the  square  of  the  sine  of  that 
latitude,  to  the  square  of  die  radius  ;  whence  it  follows,  that  the  num- 
ber of  seconds  a  clock  will  lose  in  a  day,  on  its  removal  to  a  place 
nearer  to  the  equator,  will  be,  tod  minutes  4811-  seconds  nearly,  as 
the  difference  of  the  squares  of  the  sines  of  the  respective  latitudes 
is  to  the  square  of  the  radius ;  for  example,  the  htitode  of  London 
is  51''  31',  the  sine  of  which  is  7828,  and  the  latitude  of  Black 
River  18^,  the  sine  of  which  is  3090y-«-the  difference  of  the  squares 
of  these  sines  is  .5173 ;  then,  as  1.000 :  .5173  : :  3  minutes,  48ii'  se- 
conds :  1  minute  58  seconds^ — ^the  number  of  seconds  that  the 
clock  lost  m  a  day  at  Black  River.  See  Philotophieal  TVonsoetioM, 
anno  1734,  No.  432.  A  pendulum  keeping  mean  time  at  the  equa- 
tor, will  go  faster  as  the  degrees  of  latitude  increase,  as  exhibited  in  the 
following 

TABLE. 


Lidtitude. 

Seconds  giiDed  by  a 
clock  in  a  day. 

Additional  length  required 

to  correct  the  error  in  parts 

of  an  English  inch. 

5 

1.7 

0.0016 

10 

6.9 

0.0062 

20 

26.7 

0.0246 

30 

57.1 

0.0516 

45 

114.1 

0.1033 

60 

134.0 

0.1212 

55 

150.2 

0.1386 

60 

171.2 

0.1549 

75 

213.0 

0.1927 

90 

228.5 

0.2065 
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The  latttude  of  Edinburgh  being  66^  66',  the  sane  of  which  is 
•8284,  and  the  square  .6662,  the  difference  of  the  squares  of  the  sines 
of  the  latitudes  of  London  and  Edinbui|^  is  .0736,  giving  16.79 
seconds  that  a  clock  would  lose  in  a  day,  on  bepg  removed  from 
Edinburgh  to  London.     As  1  :  073d  : :  228.6  :  16.79. 

The  rule  given  here  may  be  an  approximation  to  the  time  that  a 
clock  ought  to  keep  according  to  the  latitude  of  the  phice.  To  show 
that  it  is  only  an  approximation;  two  clocks,  one  of  which  kept  si- 
derial  time,  the  other  kept  mean  time,  each  with  great  exactness  at 
Edinbui{^  in  the  year  1818,  on  being  sent  to  London,  eveiy  precau- 
tion was  used,  that  nothing  should  tend  to  affect  or  alter  the  pendu- 
lums ;  the  siderial  clock  lost  about  18  seconds  a  day  there,  and  the 
mean  time  clock  lost  about  21  seconds.  It  has  been  stated  by  some, 
that  the  gain  at  the  Pole  would  be  6  minutes  a  day.  Captain  Phipps, 
in  his  voyage  towards  the  North  Pole  in  1772,  tried  the  going  of  a 
seconds  pendulum,  which  had  been  long  before  that  fitted  up  by  Mr. 
Qeoige  Graham  to  vibrate  seconds  in  London,  at  the  temperature  of 
60^  The  trial  was  madq  en  a  rocky  island  in  latitude  79^  60'  north. 
And  this  Pendutam  wasrfound  to  acceleinte  from  72  to  73  seconds 
a  day.  The  difference  of  the  squares  of  the  sines  is  .3669,  and  by 
the  rule  gives  81.23  seconds  that  should  have  been  the  gain  in  a  day. 

Captain  ELater,  who  is  eminently  qualified  to  make  experiments 
with  the  pendulum,  went  for  that  puipose,  in  1819,  to  Unst,  one  of 
the  most  northerly  of  the  Shetland  iales,  in  latitude  60^  44!,  where 
he  found  it  to  have  36  seconds  of  acceleration  in  a  day,  on  the  mean 
time  which  it  kept  at  London. 

The  m»  of  60^  44'  is  .8723,  the  square  is  .7609,  the  difference  is 
.1482,  and  22S.6  X  .1482  =  33.86  seconds. 

228.6  log.    2.3688862 

,1482  log.    9.1708482 

33.86  seconds.       log.    1.6297344 

On  this  subject  there  is  a  very  able  and  ingenious  paper  by  Captain 
'Vfarren,  given  in  the  eleventh  volume  of  the  Astatic  Researches, 
which  see. 

It  is  well  known,  that  if  a  body  P  (Plate  III.  No.  13.)  in  place  of 
descending  vertically,  is  made  to  roll  down  on  an  inclined  plane  P  S, 
when  it  arrives  at  S,  it  will  have  acquired  the  same  velocity  as  if  it 
had  fallen  in  the  perpendicular  line  P  R,  but  after  a  longer  time,  and 
if  from  the  point  R  a  line  is  dr^A  perpendicular  to  the  inclined  plane 
"B  S,  the  space  P  T  will  be  that  which  the  body  P  wiU  roll  down  in 
the  same  time  that  it  wouU  have  taken  to  fall  down  the  line  P  R. 
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In  a  8eiiii*ciicle«  siich  as  A  6  C,  No.  14,  if  from  a  point  6  or  g  wher- 
ever placed  in  the  circmnfereDce,  lines  A  6  and  G  C,  or  A  g  and  g  C, 
are  drawn  from  the  extremities  of  the  diameter  A  C,  a  body  faDing  from 
A  to  6  (m  the  inclined  plane  A  O,  or  from  G  to  C  on  the  inclined  plane 
G  G,  will  fidl  always  exactly  in  the  same  space  of  time  that  it  would  have 
taken  to  M  along  die  vertical  line  or  diameter  A  C  ;  the  same  will  be 
die  case  on  the  lines  A  g  and  g  G. 

The  simple  pendulum  C  M*  No.  16»  in  its  state  of  rest,  takes  the 
vertKal  line  G  £«  because  it  cannot  fall  below  the  point  £ ,  when  drawn 
aside  from  £  to  M  it  will  be  raised  up  to  a  hei^t  equal  to  H  I,  F  M^ 
m-  £  D,  called  the  versed  sine  of  die  arc  £  M ;  falling  then  from  M  to 
£,  it  will  accelerate  its  modon  acc<Mding  to  the  observed  law  of  falling 
bodies ;  arriving  at  £,  it  will  have  acquired  a  velocity  capable  of  raising 
it  to  the  Isame  hei^t,  it  will  then  go  as  far  as  I,  and  will  describe  the  are 
£  I;  these  two  arcs,  or  two  half  oscillations,  form  one  oscillation,  or 
one  whole  vibration. 

If  die  vibrati<ms  are  very  great,  they  will  not  be  isochronal,  that  is, 
they  will  not  be  performed  in  equal  times,  should  they  be  a  litUe  enlarged 
or  diminished :  for  the  oscillation  which  shall  begin  at  K  will  be  sooner 
completed,  than  that  which  shall  begin  at  M,  the  arc  being  longer,  more 
time  will  be  required  to  describe  it.  But  if  the  vibrations  are  very  short, 
such  as  one  or  two  degrees,  the  arcs  will  be  almost  equal  to  their  chords, 
which  must  be  easily  seen.  The  chords  G  C,  g  C,  No.  14,  are  always 
fallen  through  in  equal  times,  and  so  will  be  their  arcs,  at  least  they  will 
be  somewhat  very  near  to  it 

A  simple  pendulum  is  understood  to  be  a  heavy  body,  conceived 
to  be  in  one  fixed  point,  M,  No.  16,  and  suspended  to  a  point  G  by  an 
inflexible  line  G  M,  supposed  to  be  without  weight,  and  without  re- 
sistance, either  from  the  point  of  suspension  G,  or  from  the  volume 
of  the  air  through  which  it  vibrates.  The  compound  pendulum  is 
that,  where  sevwal  bodies  are  considered  to  be.  fixed  on  the  line  G  M ; 
if,  for  example,  in  place  of  supposing  the  mass  of  the  body  M  to  be 
iHliolly  in  one  point  M,  we  suspend  a  heavy  ball,  whose  semi-diameter 
is  M  G,  or  that  the  line  G  G  has  itself  a  certain  weight,  or  that  there 
are  two  weights  A  G,  on  the  line  S  G,  as  in  No.  16,  the  pendulum  will 
be  a  compound  one,  because  its  weight  is  no  longer  in  one  point,  but 
is  found  distributed  on  different  parts  of  the  rod,  or  on  the  diameter  of 

thebaU. 

Although  a  simple   pendulum,   (Uke  mathematical   lines  and  poinls 

may  he  defined^)  yet  no  such  thing  can  exist  in  nature ;  on  the  con- 
trary, all  pendulums  that  are  made  use  of,  have  a  weight  distributed 
pn  different  points  of  their  length ;  yet  jn  calculation  it  becomes  re- 


136  THl  PKHDVLUM,  LAW  OV  VAIXIITG  B0BIS8,  &C. 

quisite  to  reduce  them  to  the  nmpU  kind.  The  nearest  approxima^ 
tion  to  it  may  be  a  small  ball  of  lead,  gold,  or  platmum,  suspended 
by  a  thread  of  the  finest  silk,  or  by  a  filament  of  a  species  of  aloe» 
which  is  extremely  light,  and  not  afiected  by  drought  or  moisture. 
Suppose  a  pendulum  S  C  loaded,  not  only  with  one  weight,  but  with 
two,  (or  a  greater  number,)  such  as  A  and  C,  so  that  each  of  these 
weights  is  considered  as  reduced  to  a  pdnt ;  it  may  easily  be  seen, 
that  this  new  pendulum  will  make  its  vibradons  faster,  dum  if  it  had 
only  the  weight  G,  because  the  weight  at  A  tends  to  make  its  yjbn^ 
tions  with  the  same  precipitation . as  if  the  pendulum  had  only  the* 
length  S  A,  which  is  much  shorter;  and  it,  on  die  other  hand,  is  in 
part  retarded  by  the  weight  C,  which  cannot  make  its  vtbiations,  but 
with  the  slowness  that  the  long  pendulum  S  C  requires;  thus  the 
compound  pendulum  will  neither  be  isochrone  with  the  pendulum  S  C, 
loaded  with  the  weight  C,  nor  with  the  pendulum  S  A,  loaded  widi  the 
weight  A,  and  its  velocity  will  hold  a  mean  between  both,  and  will  be 
isochrone  only  with  another  simple  pendulum  S  D,  whose  length  must 
be  sought. 

The  point  D  is  called  the  centre  of  oscillation,  or  centre  of  percus- 
sion of  the  compound  pendulum ;  thus  the  centre  of  oscillation  D 
is  the  point  where  all  the  weight  of  the  body  which  oscillate^  might 
be  brought,  without  changing  the  time  of  the  vibrations.  It  is  also 
called  the  centre  of  percussion,  because  it  is  the  point  where  the 
whole  effort  combines,  where  the  percussion  must  be  the  strongest, 
and  where  all  the  parts  would  remain  in  equilibrium,  if  the  pendulum 
should  be  stopped  at  this  point;  suf^sing  that  the  point  of  sus- 
pension produced  no  resistance,  and  became  fii^ee  at  the  moment  of 
percussion.  As  the  weights  A  G  are  combined  together,  and  cannot 
move  one  without  the  other,  it  follows  that  each  of  the  weights  will 
distribute  its  effort,  and  will  communicate  it  to  all  the  others  in  pro- 
portion to  their  mass,  and  to  their  distance  from  the  point  of  suspoi- 
sion  S.  Thus  the  velocity  of  the  entire  body  will  keep  a  mean, 
between  the  velocities  that  the  different  parts  would  effect  sepa- 
rately; consequently  there  will  result  from  it  a  common  effort, 
that  will  maintain  the  mean  between  all  the  others,  and  this  effort 
will  be  exerted  at  the  point  D,  as  their  common  centre ;  so  that,  in 
any  other  point  that  should  be  higher  up,  the  upper  parts  would  act 
more  than  the  under  ones,  and  in  any  other  point  that  should  be  be> 
low  the  centre  of  oscillation,  the  under  parts  G  would  act  more  than 
the  former ;  the  centre  of  oscillation  is  then  the  only  point  on  which 
all  the  parts  act  equally,  dining  the  vibration  of  the  pendulum,  when 
going  to  mean  time.    And,  therefore,  to  find  ^  centre  of  oscillation 
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D,  multiply  each  of  the  weights  by  the  square  of  its  distance  from 
tihe  point  8,  add  all  these  products  together,  and  tdso  the  products  of 
each  of  the  weights  by  their  distance  from  the  point  8,  and  ^vide 
the  firat  sum  of  the  products  by  diis  new  sum,  the  quotient  will  be 
the  length  sought  8  D*  Suppose  the  length  of  the  pendulum  rod 
from  8  to  Ae  point  C,  42  inches,  and  to  the  point  A,  86  inches,  the 
weights  A  and  C  8  lb.  each.  Finding  the  length  8  D  by  this  rule, 
it  wkl  be  given  a  little  more  than  39.2  inches.  The  more  elaborate 
cakufadonB  for  this  purpose,  known  only  to  those  who  have  practised 
i&the  higher  branches  of  mathematics,  come  not  within  the  plan  pro- 
posed for  this  work. 

42x42x8—14112  42x8->836 

Mxd6x8«il0368  36x8—288 
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It  is  weD  known  that  a  clock,  when  going  either  too  fast  or  too  slow, 
is  corrected  by  the  letting  down  or  raising  up  the  baU  of  the  pendu- 
lum, or,  in  common  language,  by  the  lengthening  or  shortening  of  the 
pendulum.  At  tfie  time  of  UtoA  operation,  few  of  the  practical  artists 
ever  think  of  the  determined  or  fixed  point  of  the  centre  of  oscillation, 
where  mean  time  can  only  be  produced ;  and  touching  the  pendulum  in 
this  way,  is  actually  no  more  than  to  arrange  or  bring  all  the  parts  which 
form  its  mass,  to  combine  their  eflbrts  at  this  point,  (or  centre  of  oscillar 
tion,)  so  as  to  give  the  time  required. 

To  mathematicians  it  is  known,  that  the  centre  of  gravity  in  a  pendu- 
lum must  be  above  the  centre  of  oscillation,  the  latter  being  a  fixed  point, 
the  other  not  so  ;  but  in  common,  l!>oth  are  above  the  centre  of  the  ball ; 
yet  pendulums  having  a  small  or  slender  rod  of  metal,  such  as  brass  or 
iron,  or  of  wood,  like  what  is  used  in  ordinary  clocks,  will  come  very 
near  the  clock-maker's  puqiose,  when  making  his  pendulum  to  a  length, 
by  setting  off  the  centre  of  oscillation,  then  bringing  near  to  it  the  cen- 
tre of  gravity.  For  this  purpose  the  pendulum  is  laid  across  an  edge, 
the  edge  of  a  knifo  for  example,  in  order  to  bring  it  more  readily  to  an 
equilibrium,  which  is  done  by  means  of  the  regulating  nut  and  screw, 
setting  the  ball  more  or  less  distant  from  the  edge  ;  this  determines  the 
point  or  centre  of  gravity.  The  pendulum  ball  may  thus  be  brought 
so  near  to  its  place,  that  when  regulating  the  clock,  little  more  will  be  af- 
terwards required,  as  it  will  be  found  going  at  or  very  near  to  time.  Were 
these  things  attended  to,  pendulums  would  be  better  formed,  and  much 
tmie  saved. 
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The  centre  of  oscillation  is  understood  here,  to  be  a  point  on  the 
seconds  pendulum  rod  or  ball,  measured  off*  at  39.2  inches  from  &e 
point  of  suspension,  (or  rather  39.126  inches,  but  the  fonner  is  per- 
haps easier,  and  any  of  them  is  near  enough  for  the  purpose,)  or  from 
that  point  where  the  pendulum  spring  bends  when  the  pendulum  vi^ 
brates.  With  pendulums  having  heavy  balls  and  compound  rods, 
such  as  the  gridiron,  or  zinc  tube  pendulums,  or  even  the  mercurial 
one,  with  its  slender  rod,  it  becomes  a  very  intricate  calculation  in 
the  science  of  Dynamics,  for  which  few  are  competent,  to  get  the 
exact  place  or  point  for  the  ball,  or  that  of  the  centre  <^  gravity  for 
the  pendulum,  as  shall  co-operate  with  the  centre  of  oscillation ;  va- 
rious and  minute  circumstances  will  contribute  greatly  to  affect  the  rela. 
tive  situation  of  these  points,  and  none  more  so  than  that  of  the  pendu- 
lum spring,  according  to  its  strength  or  thickness ;  as  will  aftenvaids 
be  shown. 

On  this  subject,  see  Moniucla?8  Hutoire  dea  Maihimatiquei^  Urns 
second.  Jlrticle  III.  p.  421.  The  preceding  was,  however^  written  be-^ 
fore  we  had  an  opportimity  of  seeing  Montuda. 

What  the  relative  situation  of  these  centres  were  in  some  of  our  pen- 
dulums, shall  now  be  stated  for  the  information  of  those  who  may  take 
an  interest  in  a  subject  so  curious  as  this  is. 

A  wooden  rod  pendulum,  weighing  10  lbs.  10j|-  oz.  of  which  the 
ball  was  10  lbs.  the  centre  of  gravity  was  .8  of  an  inch  above  the 
centre  of  the  ball,  and  .7  of  an  inch  above  the  centre  of  oscillation* 
Another  pendulum  of  the  same  kind,  the  ball  of  which  weighed  Tibs. 
\Zi  oz.  the  rod,  regulating  nut,  steel  wires,  brass  mounting,  and  pen- 
dulum spring,  Hi  oz. ;  the  centre  of  gravity  was  above  the  centre  of 
the  ball  1.6  inch,  and  above  the  centre  of  oscillation  1.35  inch.  One  of 
this  sort,  whose  ball,  regulating  nut,  and  socket,  weighed  9  lb.  2-1  oz. ; 
the  wooden  rod,  with  the  regulating  screw  fixed  on  it,  the  brass  mount- 
ing on  it,  pendulum  spring  and  top  piece,  6  oz.  2  drs. ;  in  all,  9  lbs. 
8.875  oz.,  the  thickness  of  the  pendulum  spring  .006  of  an  inch,  the 
centres  of  the  ball,  and  that  of  oscillation  nearly  coincided  at  39.2  inches, 
the  centre  of  gravity  was  about  .8  of  an  inch,  or  a  veiy  little  higher  abcnt 
ihem. 

A  gridiron  pendulum,  the  ball  of  which  weighed  16lbs.  3ioz., 
and  in  all,  with  the  rods,  19  lbs.  9^  oz.  The  centre  of  gravity  wa» 
4.75  inches  above  the  centre  of  the  ball,  and  2.42  inches  above  the 
centre  of  oscillation.  Another  pendulum  of  this  sort,  the  ball  weighed 
10  lbs.  8oz.,  and  the  rods,  &c.  5  lbs.  13oz.,  the  whole  16  lbs.  5  oz* 
The  centre  of  gravity  in  it  7  inches  above   the   centre  of  the  balU 


and  4  inches  above  tiie  centre  of  osciUadoo.  A  zinc  tube  pendulum 
weighed  21  lbs.  15  oz.,  of  which  the  ball  was  18  lbs.  7i  oz.  The 
centre  of  gravity  above  the  centre  of  tho  ball  about  2.63  inches,  and 
above  the  centre  of  oscillation  1.63  inch.  A  ))et]duhin]  after  Wardfi 
plan,  the  zinc  and  steel  bars,  &c  weighed  2  lbs.  13^  oz.,  the  ball  12 
lbs.  13  oz.,  in  all  15  lbs.  10^  oz.  The  centre  of  oscillation  was  above 
the  centre  of  the  ball  1.55  inch ;  the  centre  of  gravity  had  been  omiU 
ted  to  be  taken. 

A  mercurial  pendulum,  which  weighed  in  all  about  14  lbs.  2  oz.  \ 
the  centre  of  oscillation  in  it  was  4.76  inches  above  the  sole  of  the 
jar;  the  cdumn  of  mercury  was  ahput  6.76  inches,  of  which  near  to 
four  inches  were  below  that  centre. 

Peter  Le  Roy  thought  it  possible  that  the  pendulum  spring  of  a  clock 
might  be  so  fonned,  that  the  long  and  the  ^ort  vibrations  should  be 
perfonned  in  equal  times.     See  his  Memohft^  page  15,  at  the  end  of 
**  VanagefaUpar  Ordre  du  Roi^  en  1768,  pour  epro^er  Us  Monire$ 
Marmea^iuttnUa  par  M.  Le  J2oy,  Par%$i  1770."    This  is  exactly 
what  was  suggested  long  ago  by  our  countryman  John  Smith,  CM» 
See  his  Horohgteal  DiaqmaiUons^  p.  46.  London,  1694.     Berthoud 
appears  to  have  some  time  aflerwards  taken  up  the    same  opinion* 
In  his  SuppUmeiU  au  TraiU  du  MotUrea  a  Longitude^  Paris,  1807,  he- 
says,  p.  38,  ^  Nau$  ierrnmerans  ce$  ^oiei  m  ohaervant  que  la  9U8pe^^ 
resort  hien  conatruiie  tend  A  rendre  iaoehronea  le$  oaciUaUona  dependuk,^ 
We  are  humbly  of  opinion  that  this  is  not  to  be  obtained  by  means 
of  the  pendulum  spring,  unless  the  pendulum    is    made    to    vibrate 
kiger  arcs  than  would  be  conAitent  with  good  time-keeping.    But» 
by  endeavoring  to  obtain  isochronism  in   the  way  alluded  to,  it  may 
be  asked,  whether  the  pendulum  should  be  left  in  any  degree  under 
the  influence  of  the  pendulum  spring,   which  in  this  case  would  of 
course  take  away  somewhat  of  that  influence  which  gmvity  must  na^ 
turally  have    on   the   pendulum    ball ;   or  by  keeping  the  pendulum 
spring  no  stronger  than  is  requisite  to  sustain  the  pendulum  properiy* 
and  to  allow  gravity  to  have  its  influence  as  freely  and  independently 
as  possible,  seems  to  be  a  question  tha%  appears  should  be  decided  ih 
favor    of  allowing   gravity  to  ekert  its  utmost   influence  and  force* 
This  conclusion  is  founded  on  an  experiment  which  we  made  a  few 
years  ago  with  a  wooden  rod  pendulum,  the  ball  of  which  weired 
ten  pounds^  the  pendulum  spring  was   about   .016  parts  of  an  inch 
thick,  three  quarters  of  an  inch  long,  and  nearly  half  an  inch  broad* 
This  pendulum,  previous  to  the  said  spring  being  applied  to  it,  had 
one  which  was  a  little  thinner,  and  much  about  the  same  length  and 
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breadtfit  and  with  it^  bad  been  going  for  some  time  at  a  clock,  w)iidi« 
ajEter  being  regulated,   kept   very   close,  and   extremely  near   mean 
time.    Tlie  ckwk  'scapement  was  of  the  spring  paUet  kind,  the  same 
as  represented  in  Plate  YI.  No.  35.     During  the  time  that  the  mo- 
tion of  the  pendulum  was  kept  up  with  the  clock  by  the  force  of  the 
pallet  springs,  the  arc  of  vibration  described  on  each  side  the  p(»nt  of 
rest,  was  very  iitde  more  than  two  degrees.     The  pendulum  remain- 
ing in  its  place,   having  the   same  length  as  before,    (and  the  clock 
with  its  'scapement  being  detached  from  it,)  was  then  made  to  vibrate 
an  arc  of  two  degrees  and  a  half  on  each  side  the  point  of  rest,  in  eight 
minute^  it  lost  one  second  ;  and  on  being  made  to  describe  an  arc  of 
one  degree  and  twenty  minutes  on  each  side,  it  lost  also  one  second  in 
the  same  space  of  time :  one  second  in  eight  minutes,  would,  in  twenty- 
fbor  hours,  be  equal  to  180  seconds,  or  three  minutes,  slower  (in  that 
state  of  the  pendulum}'    than   when   connected   with   the   clock   and 
'scapement     Had  the  pendulum  spring  been  made  thinner,  or  of  such 
astrmgth  as  preperlyto  support  the  pendulum  and  a  httle  more,  the 
arc  of  vibration  would  have  been  greater,  when  the  pendulum    was 
^pdled  by  the  'scapement  or  pallet  springs,  consequently,  from  the 
gieater  extent  of  the  arc  of  vibration,  the  clock  would  go  slow ;  to 
correct  which,  the  ball*  would  require  setting  up :  Hence  the  time  in 
the  detached  state,  and  that  when  connected  with  the  'scapement, 
would  have  been  more  nearly  equal,  from  which  it  appears  that  the 
pendulum  should  be  more  under  the  influence  of  gravitation,  and  less 
under  that  of  th»  penduhmi  spring.     When  the  thicker   spring  was 
pot  to  the.  pendulum,  the  influence  of  it  was  such,  that  before  the 
clock  could  be  brought  to  time,  the  pendulum  ball  was  obliged  to  be 
W  down  about  an  inch.    There  are  some  'scapements  which  have  a 
tendency  to  retard  the  vibrations  of  the  pendulum,  others  to  accelerate 
them ;  a  moderate  recoil,  or  a  dead  beat,  are  of  the  first  sort ;  those 
wfaieh  are  composed  of  springs,  or  which  have  a  considerable  recoil, 
are  of  the  last    It  would  be  a  good  criterion  of  a  clock  and  its  'scape- 
msRif  if  the  pendulum,  when  tri^  in  the  detached  state,  should  per^ 
fofc^  lis  vibrations  in  the  sam^  time  as  when  attached  to  the  clock; 
but  it  is  a  painful  and  tedious  task  to  count  the  vibrations  of  a  de- 
tached   pendidum  for   an  hour    or   two,   and    any   artificial   mode 
#f  ascertaining  the  number    might  ultimately  prove  an  unfair  trial. 
Calculation  for  the  longth  of  pendulums  being  founded  on  their  vi- 
brataoQs»  as  exhibited  in  their  most  sinqtle  ataie,  when  strong  springs 

*  Ball,  or  Bob,  of  a  pendulum,  is  a  general  name  for  the  mass  or  weight  applied 
iM«r  to  the  lower  end  of  the  rod,  without  any  regard  to  the  figure,  which  ia  com- 
monly lenticular ;  it  may  be  globular,  conical,  two  fruatruma  of  cones,  &c.  &c. 
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ore  put  to  thein,  so  much  additional  lengtfi  of  rod  ia  required,  (haft 
tlie  clock-maker  ia  often  surpnsed,  and  put  to  some  trotiUe,  by  A^ 
unforese^i  consequences  that  result  from  them. 

Berthoud  made  some  experiments  to  see  whether  the  knifii  pivoli  or 
spring  suspended  pendulums  in  a  detached  state,  would  longest  viaiiN 
tain  their  vibrations,  and  found  them  in  favor  of  the  fonner ;  henoe 
he  concluded  that  the  edge  or  knife  pivoi  was  the  better  suspeiisioti ; 
but  this  was  not  a  fair  inference,  at  least  it  was  hoi  an  inference  that 
pa^aps  time  would  have  warranted.  In  time,  the  friction  of  the 
kniib  pivot  gets  so  much  increased  by  its  wearing,  and  that  of  dio 
groove  in  which  it  acts,  partacuhurly  if  the  ball  should  be  heavy,  and 
the  semi-arc  of  vibration  more  than  a  degree,  or  if  even  so  much,  diat 
the  former  superiority  of  the  knife  pivot  ov^  that  of  thto  spring 
would  soon  be  at  an  end.  He  dkl  not  afterwards  acknowledge  this 
openly,  but  his  tacit  acknowledgment  is  sufficiently  strong,  by  adopt- 
ing at  last  the  pendulum  spring  as  the  better  suspension,  and  Harri- 
son's gridiron  pendulum  as  the  best  mode  of  compensation.  It  most 
be  observed,  that  Berthoud  had  compensation  pendulums  fitted  up  in 
various  ways,  some  of  them  nearly  like  to  that  of  Harrison's.  Sinoe 
these  experiments  of  Berthoud's  were  made,  a  very  beaxitiful  con^ 
trivance  has  been  adopted  with  the  knife  pivot,  which  is,  by  making 
the  groove  look  downward,  and  the  edge  upward ;  this  prevents  dust, 
when  falling,  from  lodging  or  getting  to  the  inside  of  the  groove. 

It  has  been  said  by  some  ingenious  philosophers,  that  the  motion 
of  a  pendulum  must  be  afl^ted  by  differ^t  densities  of  the  atmo- 
sphere, which  certainly  is  a  circumstance  very  reasonable  to  suppoee, 
and  future  experience  or  observations  may  yet  be  brought  forward  to 
show  the  result  or  the  effects  of  these  on  the  pendulum.  Indeed, 
this  has  already  in  smne  measure  been  done  by  Mr.  Rittenhouse,  an 
eminent  Swiss  residing  in  America,  who  says,  ^  that  a  change  in  the 
barometer,  from  28  to  31  inches,  will  make  an  alteration  in  the  going 
of  a  good  astronomical  clock,  to  the  amount  of  half  a  second  in  a 
day,"  an  error  or  change  of  rate  that  cannot  be  called  great,  conskler- 
ing  that  the  whole  range  of  die  baroi^eter  is  required  to  produce  it: 
therefore,  any  partial  change,  even  that  of  an  inch,  we  may  suppose, 
cannot  gready  alter  the  rate  of  the  clock.  To  compensate  these  ef- 
fects would  be  a  very  difficult  matter,  in  whatever  way  it  may  be 
done,  wh^er  by  the  pendulum,  or  any  sort  of  m^faanism  put  to  the 
'scapement,  because  any  difference  in  the  extent  of  the  arcs  of  vibra* 
tion,  arising  solely  from  this  cause,  must  nevertheless  be  extremely 
small,  at  least  so  we  suspect;  and  this  is  gready  confirmed  by  the 
small  difference  that  there  is  between  the  Ici^th  of  a  pendulum  vi- 
brating   seconds  in  vacuo    and  in  conunon  air,  as   late  ex|)criments 
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voak$  the  length  of  a  pendulum  vibrating  seconds  tn  fMcno  in  the 

latitude  of  London  to  be 39.1386  inches* 

Desagulier  states  the  length  of  a  seconds  pendulum        39.128 

Others  have  it  -        ^        .        *        .        .        .         39.126 

By  trials  at  Edinburgh  to  get  the  length,  we  made  it    -   39.192 

In  our  calculations  it  was  generally  taken  at  -        -        39.2 

For  the  clock-maker's  puxpoee,  any  of  the  lengths  may  be  taken,  and 

the  results  cannot  materially  dijSer. 

Mr.  Rittenhouse'a  contrivance  for  coirecting  the  error  caused  by 
the  <Sfierent  densities  of  the  air,  is  a  laige,  hollow,  and  light  ball, 
placed  on  the  upper  end  of  the  pendulum  rod,  in  an  opposite  direc- 
tion to  that  of  the  pendulum  ball ;  of  this  we  can  say  nothing,  hav- 
ing had  no  experience  of  it.  There  are  other  causes  which  affect  the 
extent  of  the  arcs  of  vibration,  of  a  more  powerful  nature  than  that 
of  changes  in  the  densities  of  the  atmosphere,  and  these  are,  cold  in 
winter,  and  heat  in  summer,  which  will  operate  on  the  pendulum 
spring  in  such  a  manner  that  the  vibrations  in  summer  will  be  longer 
than  those  in  winter,  making  a  difference  perhaps  of  three  or  four 
mmutes,  or  more,  of  a  degree.  Any  changes,  however  mudU  on  the 
strength  of  the  pendulum  spring,  will  be  easily  perceived  on  the  ex- 
.tent  o£  the  arcs  of  vibration,  whether  arising  from  different  tem- 
peratures or  different  thicknesses^  Cold  in  winter  will  stiffen  it 
or  make  it  more  rigid,  and  summer's  heat  will  relax  it.  The  same 
causes  ought,  and  must  inevitably  produce  the  same  effect  on  the 
.pallet  springs,  but  the  body  or  mass  of  the  pendulum  spring  being 
so  much  greater  than  that  of  the  pallet  springs,  the  impression  or 
effect  of  heat  and  cold  on  t7,  is  in  a  much  greater  ratio  than  it  is  on 
them.  And  this  rado  will  increase  according  to  the  thickness  of  the 
pendulum  spring.  The  short  arcs  in  winter  must  be  attributed  to  the 
increased  tensity  of  the  pendulum  spring  from  cold,  and,  when  relaxed 
by  the  heat  in  summer,  allows  the  pendulum  to  vibrate  to  a  greater 
extent  A  clock  having  the  spring  pallet  'scapement,  or  any  'scape- 
ment  with  a  spring  suspended  pendulum ;  compensation  pendulums  for 
such,  must  be  made  not  only  to  coirect  the  lengthening  or  shortening  of 
the  rod  from  ehanges  of  temperature,  but  the  compensation  mu^t  be  made 
so  much  in  excess,  as  to  correct  the  long  vibrations  of  summer,  and 
the  short  ones  of  winter.* 

If,   in  place  of  a  pendulum  spring,  we  adopt  the  knife  edgef  fpr 

*As  platinum  is  loss  affected  by  changes  of  temperature  than  steel,  it  might  be 
an  improvement  to  have  the  suspension  spring  of  that  metal. 

t  Knife-edge  implies  a  sharp  instrument,  but  is  here  merely  a  technical  term  : 
when  used  to  carry  a  heavy  pendulum,  it  is  formed  like  a  short  wedge  with  a  long 
edge,  the  9i|arp  apglQ  of  w)iich  is  rounded  offa  little,  ^  blunted  in  a  small  degree. 


PKirDin«uii  tUBPBiisiON  sPBuro.  133 

tke  peDdahim  to  vilNrate  oo,  it  will  not  have  the  same  causes  of  error 
from  changes  of  temperature  which  took  place  with  the  pendidum 
spring,  but  there  still  must  be  a  small  difference  in  the  arcs  of  vibra- 
tion, arising  from  the  effects  of  heat  and  cold  on  the  pallet  springs^ 
and  which  will  be  shown  in  a  contrary  waj  to  those  whore  a  pendu* 
lum  spring  is  used :  nothing  but  heat  and  cold  can  operate  on  the 
length  of  the  rod  of  a  pendulum  vibrating  on  an  edge,  yet  the  cold 
in  winter  will  make  the  pallet  springs  a  little  stiffer ;  by  this  they  will 
act  more  forcibly  on  the  pendulum,  and  cause  it  to  vilwate  a  little 
mora  out  On  the  other  hand,  the  heat  in  summer  will  relax  them, 
which  consequently  will  lessen  the  arc  of  vibration*  In  the  case  of 
the  spring  suspended  pendulum,  the  compensati<m  was  required  to 
be  in  excess,  as  has  already  beea  mentioned  ;  and  in  this  of  the  pen- 
dulum acting  on  an  edge,  the  compensation  fot  heat  and  cold  on  the 
pendulum  rod  must  be  made  a  little  deficient,  the  increased  length 
of  the  arc  in  winter,  and  the  decreased  arc  in  summer,  supplying  what 
is  wanted  in  the  compensation.  It  would  be  a  very  difficult  matter 
todetermine  that  strength  of  pendulum  spring  which  would  support 
a  pendidum  properiy ;  the  strength  should  in  some  degree  be  propor- 
tionable to  the  weight  of  the  ball,  because,  if  they  are  too  thin,  and 
on  getting  a  little  relaxed  by  heat,  the  weight  of  the  ball  may  be  so 
great  as  to  oppose  the  spring  contracting  on  a  return  of  cold ;  if  they 
are  too  tluck,  then  the  bad  consequences  which  have  been  previously 
shown  wiU  ensue.  Yet  there  are  artists  who  have  said,  that  a  pen^ 
dulum  spring  mig^  be  made  as  thick  as  the  twentieth  part  of  an 
inch,  or  more,  if  you  will ;  there  was  certainly  no  knowledge  of  the 
aubject  displayed  in  saying  so.  When  the  weight  of  a  pendulum 
ball  runs  fit>m  ten  to  twenty  pounds,  the  thickness  of  the  pendulum 
spring  may  go  firom  .008  to  .016  parts  of  an  inch ;  not  that  these  are 
fixed  points,  and  are  by  no  means  given  here  as  such,  but  they  are  near- 
ly about  the  thickness  of  those  pendulum  springs  which  we  have  been 
in  the  practice  of  making  use  of.  It  itr  a  curious  enough  circumstance, 
that  when  a  pendulum  spring  is  polished  down  to  any  gage  for  its 
thickness,  it  will  not  go  into  the  gage  after  being  blued,  getting 
<m  it,  by  this  process,  a  coat  of  enamel,  which  adds  both  to  its 
thickness  and  elasticity.  It  is  w^  known  to  watch-makers,  that  after 
watch  pendulum  springs  are  blued,  their  elasticity  is  so  much  increased, 
that  watches,  when  going  at  time  with  them  in  the  white  state,  are 
now  found  to  go  much  faster  than  before :  there  is  no  doubt  a  consid- 
erable difference  in  the  time  kept,  would  be  seen  between  the  white  and 
blue  stote  by  such  a  change  in  the  pendulum  spring  of  a  clock,  was  the 
^periment  properly  tried. 
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M.  Le  Roy,  in  his  JWemotre,  which  has  beoD  fliready  quoted,  men*- 
lions  an  experiment  he  made  with  a  spring  fitted  up  expressly  for  the 
purpose  of  seeing  the  effects  of  change  of  temperature,  which  he 
placed  inahorizontal  positicm:  one  end  being  fixed,  on  the  other  a 
weight  was  suspended,  which  feD  or  rose  firom  the  spring  getting  heat 
or  cold,  and  the  changes  of  temperature  were  seen  and  pmnted  out 
by  a  long  index  on  a  graduated  arch ;  for  the  first  six  months  the 
changes  were  obvious,  and  became  afterwards  gradually  less  so ;  the 
weight  during  cold  being  up  a  litde  way,  then,  on  aj^lj^ing  some  degree 
of  heat  to  the  spring,  the  weight  came  down,  and  did  not  again  return  to 
its  fonner  position  ;  periiaps  tiie  heat  applied  may  have  been  greater  than 
the  heat  of  oiv  atmosphere  in  the  warmest  summer.  This  experiment^ 
however,  serves  little  for  the  purpose  of  clock  pendulum  springs,  the 
circumstances  being'no  way  similar. 

Having  shown  that  the  efiects  of  temperature  on  spring  pallets,  and 
on  the  pendulum  spring,  may  be  compensated  by  an  excess  of  compen* 
sation  in  the  pendulum  rod  ;  yet  should  this,  to  some,  be  unsatisfactory, 
other  means  shall  be  pointed  out,  where  changes  of  temperature 
can  have  no  place  except  on  the  pendulum  rod.  In  those  'scapements, 
such  as  the  common  recoil,  or  dead  beat,  where  the  pendulums  are 
suspended  by  a  spring,  still  the  efiects  of  the  change  of  t(»nperature 
will  take  place  on  the  pendulum  spring,  though  this  change  does  not 
^  i^pear  to  have  been  observed ;  where  a  compensation  pendulum  is 
used,  these  changes  might  have  been  either  compensated  or  overlooked, 
or  the  efiects  of  them  so  little,  that  they  could  not  be  well  ascertained. 

Let  then  a  pendulum  be  suspended,  so  as  to  act  smoothly  and"  fiieely 
wifii  a  groove,  moveable  upon  a  well-finished  and  fixed  edge,  the 
groove  being  uppermost,  and  in  place  of  spring  pallets  to  have  small 
balls,  that  shall,  as  m  Mr.  Ctimmmg's  way^  be  impelled  by  grofoUy 
alone  when  giving  impulse  to  the  pendulum,  which  in  the  same  lati- 
tude must  constantly  have  the  same  force,  and  cannot  be  influenced 
by  any  change  of  temperature,  (any  influence  on  the  arms  of  the  balls 
is  too  trifling  to  take  into  account,)  consequently,  whatever  errors 
were  attributed  to  the  clock,  arising  from  changes  of  temperature  on 
the  spring  pallets,  and  on  the  pendulum  spring,  would  be  completely 
done  away  by  adopting  the  knife  pivot,  and  making  use  of  gravity  to 
keep  up  the  motion  of  the  pendulum. 

But  it  is  very  doubtfiil,  if  greater  errors  might  not  come  in,  and 
take  place  of  the  fonner,  (nay,  it  is  even  probable  they  may,)  arising 
from  the  fiiction,  and  wearing  of  the  edge  and  the  groove,  and  also 
from  the  alow  progress  or  motion  of  the  balls  when  falling;  or  when 
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railed,  the  swing  wbeel.«ould  not  be  so  ssfely  locked  with  a  nib,  or  de- 
tent of  that  ahortnesB  which  the  spring  pallets  will  allow;  and,  at  all 
eventsi  it  would  be  requisite  that  the  arc  of  vibration  of  die  pendulum 
should  be  veiy  limited,  in  order  to  lessen  as  much  as  possible  the  fric- 
tion and  wearing  ctf  the  edge  and  groove ;  forty-five  minutes  of  a  degree 
on  each  side  the  point  ci  rest,  would  peihaps  be  as  much  as  the  pendu- 
lum could  be  allowed  to  vibrate,  and  this  might  be  even  too  much,  if  the 
baD  was  of  a  considerable  wei^lit 

Mr.  Cummang»  in  his  'scapement,  has  tile  f<»€e  of  gravity  applied 
directly  to  the  regulator,  or  pendulum  itaelC*    The  balls  where  this 
force  is  generated,  are  raised  up  by  the  swing  wheel  teeth.    When 
^oing  so,  they  raise  the  balls  at  once  neariy  up  to  their  maximum  of 
hei^t,  and  at  the  tinle  of  unloddog,  the  force  of  the  pendulum  is  so 
mmxh  gone,  that  litde  more  is  left  than  barely  to  unlock  the  wheel, 
any  hei^t  given  beyond  that  to  which  the  wheel  raised  them  being 
extrraiely  trifling.      In  place  of  doing  so,  and  although  we  pn^K)se 
likewise  that  the  swing  wheel  teeth  shall  raise  up  the  balls,  yet  our 
^irfliw*bjng  18  to  tsko  placc  at  a  time  when  the  foroe  of  the  pendulum 
is  at  its  greatest,  which  by  this  means  wiU  cany  the  balls  on  to  a 
heig^  still  greater  than   that  to  which   the   wheel  teeth  had  raised 
Ihem,  and  they  wilL,  on  the  return  of  the  pendulum,  impel  it  with  a 
force  derived  jointly  from  that  of  the  pendulum  itself,  and  from  the 
swing  wheeL    A  small  number  of  grains,  Troy,  at  any  of  the  points 
of  the  swing  wheel  teeth,  when  in  a  horizontal  position,  would  hdd 
the  wheel  in  equipoise,  but  the  number  will  depend  on  the  lengdi  of 
time  the  clock  is  made  to  go  without  requiring  to  be  wound  up.    A 
very  small  force  then  appears  to  be  sufficient  to  ke^  a  pendulous 
body  in  motion  when  once  put  into  it,  but  to  bring  it  aside  firom  a 
state  of  rest  into   this,    requires  comparatively  a  great  force,  which 
must  at  first  be  applied,  as  no  clock  can  of  itself  begin,  or  give  mo- 
tion to,  or  set  its  pendulum  a-going.    In  place  o[  the  balls  being  on 
projecting  arms,  let  them  be  placed  immediately  behind  the  pallets; 
it  is  presumed  that  this  will  make  the  locking  safe,  and  with  detent 
nibs  rather  short  than  otherwise.     The  common  arfoore  of  the  pallets 
and  detents,  thou^  concentric  with  the  verge  pivots,  and  with  the 
motion  of  the  crutch  and  anchor,  have  their  pivots  to  run  in  small 
cocks,  which  are  fixed  to  strong  ones,  such  as  what  the  spring  pallets 
were  fixed  to;  by  this  means,  the  pressure  of  the  swing  wheel  teeth  on 
the  detents,  will  have  no  mterfarence  with  the  motion  of  the  veige 

'^  The  force  of  gravity,  as  well  as  of  springs,  was  very  early  used  in  clocks,  by 
way  of  an  auxiliary  to  the  'scapement,  but  not  in  so  direct  a  way  as  has  since  been 
done.    This  piece  of  mechanism  is  by  some  called  a  Remontcir. 
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and  pendolum  during  the  interval  of  rest,  as  n  the  case  in  Mr.  Cum-' 
ming's  plan,  which,  however  small  or  great  the  resistance  may  he 
arising  from  it,  is  here  removed :  a  drawing,  and  a  more  detailed  de- 
scription of  this  'scapement,  wiU  afterwards  be  given.  Now,  the  whole 
of  what  has  been  pointed  out,  we  are  humblj  of  opinion,  appears  to 
be  an  improved  kind  of  'scapement,  where  the  gravity  of  balls  are  to 
keep  up  the  motion  of  the  pendulum. 

Although  it  has  been  fHxtposed  to  remove  the  objectiori^  that  may 
be  made  to  the  pendulum  spring,  and  the  pallet  springs  of  a  clock, 
by  adopting  the  mode  of  making  the  pendulum  to  vibrate  on  an  edge, 
diis  end  may  likewise  be  attained,  by  making  the  pendulum  to  vibrate 
on  and  between  friction  rollers,  which  is  peiiiaps  the  preferable  way 
of  the  two.  Suppose  two  large  rollers  to  be  fixed  on  a  strong  steel 
arbor,  the  distance  between  them  one  inch,  the  large  one  three 
inches  in  diameter,  thickness  one  quarter  of  an  inch,  two  of 
which  are  fixed  on  the  same  arbor,  placed  about  an  inch  from  each 
other,  that  is,  the  space  between  them  one  inch ;  two  arbors  are  run 
in  the  same  frame,  with  that  of  the  arbor  of  the  laige  rollers,  each  of 
diese  arbors  have  also  two  rollers  fixed  on  them,  die  diameters,  two 
inches,  and  thickness  two  tenths  of  an  inch,  placed  at  such  a  distance 
from  each  other  as  to  go  outside  of  the  large  rollers,  and  all  of  them 
to  have  at  the  same  time  proper  freedom.  In  a  line  perpendicularly 
up  from  the  centre  of  the  large  rollers,  the  pivots  of  a  strong  and  thick 
steel  arbor,  Ue  across  on  their  edges,  and  the  centre  of  the  small 
rollers  being  placed  in  a  line  horizontal  to  the  upper  edge  of  the  large 
rollers,  or  rather  to  that  of  the  centre  of  the  pivots  of  the  strong  ar^ 
bor,  the  pivots  of  the  strong  arbor  are  kept  to  their  places  by  means 
of  the  edges  of  the  small  rollers.  Projecting  from  the  middle  of  the 
strong  arbor,  and  at  right  angles  to  it,  are  fixed  two  stout  pivots,  over 
which  the  upper  end  of  the  pendulum  rod,  formed  into  two  kinds  of 
eyes  or  hooks,  is  hung,  and  wh«i  the  pendulum  vibrates,  the  pivots 
of  the  strong  arbor  move  on  the  edges  of  the  large  rollers,  and  be- 
tween the  edges  of  the  small  ones ;  so  that,  by  them,  any  resistance 
to  the  motion  of  the  pendulum  may  easily  be  conceived  to  be  done 
away,  or  at  least  veiy  much  reduced.  In  the  edges  of  the  large 
rollers,  a  segment  may  be  taken  out  for  one  eighth  part  of  the  ckcum* 
ference,  and  hard  pieces  of  stone  fitted  in  and  formed  into  the  same 
circle;  on  these,  the  pivots  of  the  strong  arbor  turn,  all  the  rollers 
maybe  crossed  out,  so  as  to  be  as  light  as  possible,  and  yet  have 
strength  enough;  the  segment,  where  the  stones  are  set,  should  be 
kept  solid  into  the  centre,  and  banking  put  in  to  prevent  the  rollers 
getting  farther,  so  that  some  part  of  the  stones  shall  always  be 
under  the  pivots  which  Ue  across  them ;   near  to  the  ends  of  these 
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pivots,  eocks  shouU  be  fixed,  between  which  they  Bhouki  have  freedom 
to  move,  and  no  more.  In  a  Une  with  the  pivots  on  which  the  pend»- 
iom  hangs,  brass  cocks  should  be  fixed  on  the  frame  which  cooAains 
the  n^lers :  into  these  cocks  run  the  |Hvots  fonned  each  at  the  end 
of  stiYMig  screws,  put  into  strong  iron  cocks,  fixed  to  the  iron  bracket 
which  supports  the  dock  :  it  is  on  these  screw  pivots  that  the  fifame  and 
rollers  will  freely  torn,  allowing  the  pendulum  to  hang  fiieely,  easily,  and 
perpendicularly  down.  The  brass  cocks  may  be  kneed  and  so  formed, 
as  to  serve  as  pillaxs  to  the  upper  end  of  the  roller  firame ;  two  cammoa 
pUlais  being  at  the  lower  angles* 

Length  of  pendulum  is  of  advantage  to  the  time  keeping  of  a  clock ; 
a  half  seconds  pendulum  can  never  be  equal  to  that  whose  vibcatioDS 
are  made  in  a  second,  nor  will  the  seconds  pendulum  be  equal  to  that 
which  makes  a  vibration  in  two  seconds,  pariiadariy  in  himt  doekt. 
Hindley  of  York  had  pendulums  put  to  some  of  his  turret  clocks,  whieh 
gave  a  vibration  only  once  in  four  seconds  ;  but  such  a  penduhun  re- 
quiring a  length  of  fiffy-two  feet,  three  inches,  and  two  tenths  of  an  inch, 
is  not  an  easy  matter  to  fit  up ;  it  will  either  be  too  flexiUe  in  the 
rod,  or,  if  it  is  made  stifi*  enou^  it  will  be  heavier  than  what  the 
strongest  or  largest  turret  clock,  that  has  hitherto  been  made,  is  well  cal- 
culated to  cany;  but  friiere  ingenuity  is  exerted  in  constructing  a 
pendulum  of  this  length,  it  will  havc^  a  prodigww  dominion  over  the 
clock.  Having  never  seen  or  met  with  a  spring  clock,  Mi^re  advan- 
tage was  taken  to  have  such  a  length  of  pendulum  as  the  case  would 
have  admitted,  showed,  that  either  the  value  of  length  was  not  under> 
stood  by  clock-makers,  or  that  the  method  was  not  known  of  computing 
numbers  for  the  teelh  of  wheels  and  pinions,  so  as  to  give  such  a  num-^ 
ber  of  vibrations  as  to  answer  for  that  length  of  pendulum,  which 
would  have  suited  the  case  in  which  the  spring  clocks  were  fitted  ;  hencet 
we  are  led  to  infer,  that  neither  were  known  to  them*  The  me- 
ihod  of  computation  has  already  been  shown,  the  oAer  will  be  so  in  the 

m 

sequeL 

The  pendulum  of  a  regulator,  or  astronomical  dock,  ought  to  swing 
in  as  free  or  open  space  as  can,  with  propriety,  be  taken  within  the 
case.  Cases  are,  in  general,  too  confined,  and  when  the  weigjbt 
oomes  down  opposite  to  the  pendulum  ball,  the  vilMratory  motion  it 
has,  gives  agitation  to  the  air  between  it  and  the  weight,  which  must 
influence  the  vibrations  more  or  less,  consequently  must  affect  the 
time-keeping.  In  order  to  get  the  weight  as  much  to  a  side  as  pos- 
sible, let  the  great  wheel  be  pretty  large  in  diameter,  and  the  centre 
of  it  on  a  line  horizontal  to  the  centre  of  the  dial,  the  pulley  for  the 

weight  should  be  large  in  diameter  also,  which  will  have  the  efiect  of 

18 
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leediqg  tlie  weight  more-  to  one  side  of  tile  case.  WlMrre  there  are* 
two  wheels  from  or  between  the  eentre  of  the  dial  and  that  ot  the  great 
niied  or  bacreli  they  will  allow  a  greater  seope  for  this  puipose,  thaa* 
where  there  is  only  one  wheel.  These  are  circumstances  which  have 
hitherto  been  unnoticed  by  clock-makers*  and  yet  when  they  are 
pointed  out*  nothing  can  be  more  sin^>le  and  obvious.  The  body  of 
tile  case  should  be  both  wide  and  deep,  not  less  than  14  inches  widet 
and  8  inches  deep,  inside  measure ;  a  litde  more  may  still  be  bettert 
and  the  pendulum  hung  iathe  middle  of  the  space  between  the  back 
of  the  case,  and  that  side  of  the  weight  nearest  to  the  pendulum  ball ; 
p^haps  openings  made  in  the  sides  of  the  case  opposite  to  Ae  edges  of 
the  pendul^um  ball,  and  covered  over  outside  wi&  neat  circular  pieces  of 
wood,  would  give  additional  freedom  to  the  air. 

A  considerable  part  of  the  length  of  the  fell  for.  a  deck  wei^bt^ 
was  commonly  lost  by  our  clock-ma|(ei8,  by  making  ihe  pulley  strap 
much  k>nger  than  was  necessaiy,  to  which  was  put  a  hook  too  long, 
also ;  to  some  of  the  clocks  we  have  made,  such  defects  as  these* 
were  completely  done  away,  in  the  method  we  toolr  with  pullies  and 
wei^its. 

To  lead  the  going  weight,  as  much  as  possible,  to  one  side,-  might 
be  done,  so  as  to  get  9^  or  4  incl^  more  of  fall,,  which  would  be. 
gaining  something  two  ways,  that  is,  more  leogdi  of  fall,  and  tak- 
ing the  ^i^^ight  at  the  same  time  out  of  Ae  way  of  distuibing  the 
pendulum  balL  Let  two  rollers,  or  pullies,  be  put  into  a  brass  kind 
of  firame,  run  apart,  or  at  such  a  distance  from  each  other  as  may  be 
diougbt  proper,  the  weight  being  hung  at  equal  distances  from  the 
centre  of  the  pullies*  whose  diameters  may  be  one  inch,  or  one  inck 
and  a  quarter,  or,  in  short,  whatever  diameter  the  artist  may  choose 
to  give.  To  an  arbor,  whose  pivots  run  in  the  frame,,  is  fixed  a  kind 
of  swivel,  which  comes  no  lower  down  than  just  to  allow  the  barrel 
cord  to  pass  fieely  through  it  The  frame  may  be  composed  of  two 
bars  of  brass,  about  6  or  6  inches  long,  three  quarters  of  an  inch  broadr 
and  a  little  more  than  one  eighth  of  an  inch  thick ;  the  ends  of  the 
bars  are  screwed  to  double  kneed  pieces  of  brass,^  an  inch  in  height 
or  thereabouts,  by  way  of  pillars,  to  keep  the  frame  together.  The-- 
clock-case  will  require  to  be  a  little  wider  than  ordinary,  to  admit  a 
puUey-fiame  of  this  kind,  if  6  mches  in  length.  In  Plate  YII.  No.  41,. 
a  double  pulley,  like  what  has  been  proposed,  is  represented ;  it  will 
easily  be  seen  h6w  the  barrel  cord  is  applied,  by  referring  to  the  letters- 
0^6,  c. 

To  show  that  room  in  the  inside  of  a  case  is  so  necessary  for  a 
pendulum  to>  swing  through,  we  shall  give  a  detail  of  an  experiment 
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made  for  this  purpose.    A  clock  widia  spting  pellet  'scapementy  and 
:siiictiibe  compenaalioii  pendidum,  after  being  broogbt  to  mean  time, 
the  accumulated  gain  in  44  days,  viz.  from  the  16th  February  to  the 
Ist  of  April,  1819y  amounted  to  one  second  only,  and  with  little  or 
no  greater  deviation  in  die  interim;  after  this,  it  gained  one  second 
a  day,  and  sometimes  iiess.    Suspecting  that  <ke  pendulum  bell  migi*^ 
not  have  sufficient  room,  (what  it  had  was,  nevertheless,  fully  more 
.than  usual,)  there  was  a  piece  taken  out  of  the  beck  of  the  case  be- 
hind the  pendulum  ball,  and  frmn  the  sides  opposite   to  the  edges  of 
-the  balL    The  clock,  when  again  set  agoing,  on  the  24th  of  April,  had 
the  semi-arc  of  vibration  of  the  pendulum  increased  M\  that  is,  from 
10  12',  the  former  arc,  to  1^  37'  on  each  side  of  Zero,  and  from  this 
•circumstance  alone,  the  dock  ought  to  have  g<me  much  slower;  where- 
as, it  gamed  at  the  rate  of  42  seconds  a  day,  which  showed  the  great 
liberty  that  the  pendulum  had  acquired  when  swinging  in  less  confined 
air.    This  is  a  thing  we  suppose  nobody  has  hitherto  seen  or  suspected, 
and  becomes  a  very  nice  and  valuable  eiqieriment,  so  far  as  regards 
the  fitting  up  clocks  for  Bstronomical  purposes.    The  edges  of  the 
openings  made  on  the  back  jmd  ''sides  of  the  case,  not  being,  as  we 
flu>ught,  properly  chamfered  or  shelved  oflT,  on  this  being  afterwards 
done,  it  gave  the  air  more  freedom  to  pass  readily  over  them,  and  the 
pendulum  increased  its  semi-arc  of  vibration  a  little  more,  and  swung  out 
now  to  1^  46'.    The  ang^e  of  'scapement  being  21'  or  22'.    A  pen- 
dulum, swingingwidi  a  greater  degree  of  fireedom  than  before,  ought 
to  be  less  affected  by  die  different  densities  of  the  atmosphere. 

Many  years  ago^  we  gave  an  opinion  to  one  or  two^  who  were  consider- 
ed ingenious  in  die  profession,  that  die  balances  of  watches  and  ohro- 
ncmietens,  were  made  to  vibrate  in  a  too  confined  space:  this  they 
Seemed  to  consider  as  a  thing  more  imaginary  than  real.  The  expefi- 
ment  just  now  mentioned,  with  the  fireedom  given,  and  the  consequences 
it  had  on  the  pendulum,  goes,  however,  a  great  way  to  coiroborate  this 
opinion*  To  make  such  e3q)eriment8  widi  watches  or  chronometers, 
would  come  to  be  so  great  an  expense,  both  of  time  and  money,  thatt  pro- 
bably, they  nener  will  be  tried. 
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CHAPTER  VII. 

Hamng  ike  length  of  a  Penduhun^  to  find  the  number  of  vibraiuma  U 
must  make  in  an  hour;  and^  vice  versa,  knowing  the  number  of  vi^ 
brationa  thai  a  Pmdukan  makes  in  an  how,  to  find  its  length,  ^c.  ^c, 

<^  It  is  known  that  pendulums  which  describe  any  arc  whatever,  give 
their  vibrations  in  the  times  which  are  to  one  another,  as  the  square  roots 
of  the  lengths  of  these  pendulums,  and  that  the  lengths  of  pendulums 
are  to  one  another  as  the  squares  of  the  times  of  vibration  in  each,  and 
the  longer  a  pendulum  is,  the  more  time  it  will  take  to  give  its  vibra- 
tions ;  so  that,  if  the  lengths  of  two  pendulums  are  to  one  another  as 
four  is  to  one,  the  times  of  their  vibrations  will  be  as  two  is  to  one,  the 
square  roots  of  their  lengths ;  from  whence  it  follows,  that  in  the  time 
the  pendulum  your  makes  one  vibration,  the  pendulum  otu  will  make  hrow 
It  also  follows,  that,  if  these  p^dulums  vibrate  during  a  certain  time, 
the  number  of  vibrations  will  be  to  one  another  as  one  is  to  two ;  that  is, 
reciprocally  as  the  square  roots  of  their  lengths.  The  lengths  of  two  pen- 
dulums are  reciprocally  to  one  another,  as  the  squares  of  the  numbers  of 
vibrations  made  in  the  same  time.  If  then,  the  number  of  vibrations 
that  a  pendulum  makes  in  a  given  time  ia  known,  and  the  length  of  the 
pendulum,  we  can  deduce  the  length  of  any  other  pendulum  if  the 
number  of  vibrations  which  it  must  give  in  a  certain  time  is  known ; 
and  reciprocally  the  length  of  a  pendulum  being  given,  we  can  find 
the  number  of  vibrations  which  it  must  give  in  a  certain  time. 

To  find  the  length  of  a  pendulum,  according  to  a  given  number  of 
vibrations. 

i2ii2e.^-Multiply  the\  number  of  vibrations  made  in  a  minute  by 
the  standard,  or  seconds  pendulum,  (viz.  60,)  by  itself  which  is  squar- 
ing it,  and  this  being  multiplied  by  the  standard  length  of  39.2  inches, 
and  the  last  product  divided  by  the  square  of  the  number  of  vibrations 
given  in  a  minute,  \>y  the  pendulum  whose  length  is  required,  the  quo- 
tient will  be  the  length  of  that  pendulum,  in  inches  and  decimal  parts 
of  an  inch. 
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lLc«mip^.-*To  find  tlie  length  of  a  pendulum  which  shall  make  120 
vibrations  in  a  minute. 

120  60 

120  60 


U400 :  89.2  : :  8600 
8600 


285200 
1176 


14400)  141120.0(9.8  inches,  the  length  of  the  pendulum  which  was 
129600  required. 


116200 
116200 


The  times  of  the  vibrations  of  pendulums  are  in  the  direct  Tatio  of 
the  square  roots  of  their  lengthsy  and  the  number  of  vibrations  made 
in  a  given  time,  are  in  the  inverse  ratio  of  the  square  roots  of  their 
lengths. 

Yib.       Yih.  In.       In. 

120''  :  60'    :  :  39.2  :  9.8  direct  ratio. 

60'    :  39.2  :  :  120'  :  9.8  inverse  ratio. 

In.  In.         Vib.       .    .    .      Vib. 

9.8     :  39.2  :  :  60*    :  14400  |  120. 

As  the  product  141120.0  is  that  which  arises  firom  the  square  of  60, 
the  number  of  vibrations  given  in  a  minute,  multiplied  by  39.2  inches^ 
the  length  of  the  standard  pendulum,  it  will  be  unnecessary,  in  any  future 
examples,  to  make  the  multiplication, — it  will  be  enough  to  divide  this 
,  number  by  the  square  of  the  given  number  of  vibrations  in  a  minute,  to 

'  obtain  the  length  of  any  pendulum  required.    We  may  take  an  example 

or  two  more,  in  order  to  make  the  rule  as  obvious  as  possible  to  those 
who  may  have  had  but^little  practice  with  figures. 

It  is  required  to  have  the  length  of  a  pendulum  whose  vibrations  shall 
be  30  in  a  minute? 
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"WMtrnmu  uamm  ^w  nmouimi. 


90 


Inches.    Feet.   Inches. 


«900^fl41120.0(166.8,  or  13  -  0.8,  the  length  of  the  pendulum  requireA. 
900 

6112 

4500  « 

6120 
6400 

7200 
7200 

Let  the  Orations  be  80  in  a  nunute,  what  is  the  length  of  Ifae  pen- 
dulum t 

80 
80 
..—I-  Inehee.     Feet.  Inches. 

6400)141120.0(22.06,  or  1  -  10  yfr^^e  length  required. 

^800 


13120 
1S800 

'^^^■■■^^■" 
32000 
32000 

Vibralicms  100  in  a  mhute. 
100 

10000)141120.0(14;112inB. , 
10000 


4tlM 
40000 

11200 
10000 

■ ' 

12000 
lOOOO 

20000 
SfOOOO 


Yibrations  140  in  a  minute. 
140 

6600 
140 


19600)  141 120.0(7«2  in4. 
137200 


39200 
39200 


Having  the  length  of  a  pendulum*— to  £nd  the  number  of  vibrations 
it  will  give  in  a  minute. 


giveB  penduloB,  the  aqoaiQ  *m(  «Klmctod  fvMi  Aft  qiwtMHl  will  he 
th9  BUBib€f  of  TftndoM  iii  a  BDiiute. 

Exmufk^'^Thi^  Wigth <?f  tlie ywJuhao  civeo  18  6.272  indm:  Re- 


Inches. 
6.272)141120.000(22600 

12544 


16600 
12544 


81860 
81860 


.  a   • 


1|22.600(:I60  1]ie  DHmbetorn. 
1|1  krelioiiBiii  anifr- 

outa  feqiiimlf 


25L125 

6|126 

80|000 


000 

The  length  of  a  penduluin  being  166.8  incfies:  Required  the  num- 
ber of  vibrations  il  will  give  in  a  minute? 

•  •  • 
156.8)U1120.0(9QO(ao«  die  number  of  ^lations  it  will  gim  i» 
14112      0  animite. 


00    00 

Let  the  length  of  a  pendulum  be  9.08168  inches :    Required  tfa» 
number  of  vibralions  it  will  give  in  a  minute? 

2*08168)141120«00000(l^,25(126'Tibnti<mawiUbegive&  in  a  mkint*^ 
908168  ••••  1 


6080820        22|66 
4616840  2|44 


6644800    246|i226 
6419008        6|1226 


2257920 
1806336 

4616840 
461664a 


To  those  who  can  make  use  of  logarithms  in  computing  tte  lengths' 
cf  pendulums,  or  the  number  of  their  vibrations  in  a  minute,    iheyi 
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will  ftid  them  much  neater  and  easier  periiqM  tban  in  the  foregobg  ei- 
amples,  done  by  the  common   rules  of  mult^lication»  division,  and  the 
extracting  the  square  root    In  order  to  show  the  difierence,  we  shall 
give  a  few  examples  of  each  done  bj   logarithms.      It  is   not  to 
^thought  that  every  clock  and  watch-maker  can  apply  these  rules 
to  serve  his  purpose,  even  if  he  should  know  as  much  of  arithmetic 
or  of  logarithms  as  are  requisite.    It  becomes  necessary  for   many 
that  their  application  should  be  shown,  which  are,  however,  of  great 
advantage  to  those  who  know  how  to    apply    them.    For  instance, 
having  a  spring  clock  case  of  a  given  length  or  hei^t,  which  should 
admit  a  pendulum  of  as  much  length  as  can  with  propriety  be  put 
into  it,  length  of  pendulum,  as  has  already  been  observed,  being  al- 
ways absolutely  necessary  to  good  time  keeping ;  but,  it  so  happens, 
that  the  cases  of  most  spring  clocks  which  are  seen,  would  have  al- 
lowed a  much  greater  length  of  pendulum  than  was  taken,  arising 
solely  from  that  want  of  knowledge,  necessary  in  the  calculation  of 
the  train,  or  of  the  numbers  of  teeth  of  the  wheels  and  pinions  requi- 
site to  produce  any  given  length.    We  shall,  in  the  course  of  this  work, 
have  occasion  to  make  use  of  rules  taken  from  conic  sections,  or  men- 
suration of  sofids,  in  the  calculating  of  several  things  connected  with 
clock-making,  such  as  the  solid  contents  of  the  going  and  striking 
weights,  of  the  solid  contents  of  the  pendulum  ball,  ^diether  it  may 
he  composed  of  equal  parts  of  a  sphere,  or  lenticular  form,  or  of  two 
equal  fhistrums   of  cones,   globular,   or  cylmdrical,  things   requiring 
to  be  properly  sized  both  as  to  shape  and  weight.     And  if  the  clock- 
maker  is  any  way  desirous  of  having  his  work  as  it  ought  to  be,  he 
will  find  these  rules  both  easy  and  convenient,  the  more  so  by  having 
ihem  inaeried  at  the  particular  places  of  iheir  appUcatian ;  as  it  is  dis- 
tracting to  be  looking  for  rules  elsewhere,  sometimes  not  knowing  them, 
or  even  where  to  look  for  them,  but,  by  VUs  mdhodj  both  trouble  and 
memoiy  will  be  saved. 

Having  the  number  of  vibrations  given  in  a  minute,  to  find  (by  loga- 
rithms) the  length  of  the  pendulum. 

fiti/e. — Take  the  logarithm  of  the  given  number  of  vibrations  in  a 
minute,  and  double  it ;  the  sum  subtracted  from  the  constant  logarithm 
5.1496886,  the  remainder  will  be  the  logarithm  of  the  length  of  the 
pendulum.  The  constant  logarithm  6.1495886  is  the  logarithm  of  the 
constant  and  standard  number  141120.0;  in  place  of  using  t/,  we  now 
make  use  of  its  logarithm. 
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Exampie. — The  munber  of  vibratioiis  ghrtn  in  a  miiinte  is  IM: 
Required  the  length  of  the  pendulum? 

Standard  number,  141120.0        -            -            -  log.  5.1496886 

Yibrations  given,  120,  logarithm,  2.0791812,  double  of 
which  is, log.  4.1583624 

Length  of  pendulum,  9.8  inches,  equal  to    -    remaining  log.  0.9912262 

The  number  of  vibrations  in  a  minute  is  30 :  Required  die  length  of 
the  pendulum  ? 

Standard  number,  141120.0        -  -  -  log.  5.1496886 

Vibrations,  30,  log.  1.4771213,  double  of  which  is  log.  2.9642426 

Length  of  pendulum,  156.8  inches,  equal  to      renuuning  log.  2.1968460 

The  number  of  vibrations  in  a  minute  is  80 :  Required  the  length  of 
the  pendulum  ? 

Standard  number,  141120.0  -         ^     constant  log.  5.1496886 

Yibrations  80,  log.  1.9030900,  double  of  which  is  log.  3.8061800 

Pendulum  22.05  inches,  equal  to  -  remaining  log.  1.3434086 

The  number  of  vibrations  in  a  minute  is  100 :  Required  the  lengA  of 
the  pendulum  ? 

Standard  number  141120.0        -  -  constant  log.  5.1496886 

Yibrations  100,  log.  2.0000000,  double  of 

which  is  ....  log.  4.0000000 

Pendulum,  14.112  inches,  equal  to         •  remaining  log.  1.1495886 

Having  the  length  of  a  pendulum  in  inches,  and  decimal  parts  of 
an  inch,  to  find  by  logarithms  the  number  of  vibrations  it  will  make  in  a 
minute? 

Rule. — ^From  the  constant  logarithm,  5.1496886,  subtract  the  logarithm 
of  the  given  length,  half  of  the  remainder  will  be  the  logarithm  of  the 
number  of  vibrations  in  a  minute. 

£xoaipie. — ^The  length  of  the  pendulum  giveuy  is  9.8  inches:  Re* 
quired  the  number  of  vibrations  it  will  give  in  a  minute  ? 

Constant  log.  6.1496866 
Length  of  pendulum  9.8  inches,  log.  0.9912261 


2)4.1583625 

Vibrations.  

120  log.  2.0791812 

19 
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The  length  of  pendulum  156.8  inches :  Required  the  vibrations  in  a 

minute? 

Constant  log.  6.1496886 
loches. 
Length  of  pendulum  166.8  log.  2.1963460 


VibrationB. 


2)2.9642426 


30   .    -  Igg.  1.4771213 


— The  length  of  pendulum   is 
9.01368  inches  :  Required  the  vi- 
iHBtions  in  a  minute  ? 
Constant  log.  5. 1496886 

Inches,  9.01368,  log.  0.9649022 

2)4.1946864 

126  vibrations,        log.  2.0973432 


The  length  of  pendulum  22.05 
inches  :  Required  the  vibrations  in 
a  minute  ? 


Constant  log. 
Inches,  22.06, 


6.1496886 
log.    1.3434066 

2)3.8061800 

80  vibrations,  log.    1.9030900 


What  has  already  been  said  on  finding  the  lengths  of  pendulums,  ac- 
cording to  their  ntftnber  of  vibrations  in  a  minute,  and  vice  versa^  is 
sufficient  for  the  clock-maker's  purpose :  Yet,  for  the  sake  of  such  as 
may  wish  to  instruct  themselves  more  in  the  subject,  we  shall  exhibit  it 
under  a  different  view.     Heretofore^  we  have  taken  the  length  of  the 
standard  pendulum  at  39.2  inches,  and  the  vibrations  60  in  a  minute  ; 
we  shall  now  take  the  pendulum  at  39.126  inches,  and  the  vibrations 
86400,  which  is  the  number  of  seconds  in  24  hours.     The  square  of 
86400  is  7464960000,  which  being  multiplied  by  39.126  inches,  the 
length  of  the  standard  pendulum,  we  shall  have  292074024960.000 ; 
this  being  constandy  divided  by  the  square  of  any  other  number  of 
vibrations  made  by  a  pendulum  in  24  hours,  the  quotient  will  be  the 
lengtii  of  the  pendulum.     Likewise,  if  the  constant  number  is  divided 
by  any  given  length  of  pendulum,  the  quotient  will  be  the  square  of  the 
number  of  vibrations  it  will  give  in  24  hours,  which  will  be  found  by 
extracting  the  root     For  example,  if  a  clock  gains  a  minute  in  a  day, 
or  goes  at  the  rate  of  86460  seconds  in  24  hours ;  the  square  of  which 
b  7476331600,  by  tiu9  divide  tiie  constant  number  292074024960.000, 
and  the  quotient  will  give,  for  the  length  of  the  pendulum,  39.071714, 
&c.  inches,  which,  being   subtracted  from  the  standard   length,  will 
show  how  much  the  pendulum,  which  gains  a  minute  in  a  day,  must  be 
lengthened ;  and,  according  to  this  example,  it  will  be  found  to  be  .0642 
of  an  inch.     It    is  evident  tiiat,  if  the    number    292074024960.000 
was  divided  by  the  number  39.071714,  &c.,  the  length  of  the  pen- 
dulum   just    now    found,    that    the    quotient    must    be    the    number 
7476331600 ;    and    it   is  evident  also,    from  this  example,  that  the 
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■quBie  root,  when  extnded,  would  be  86460,  Ae  niunber  of  vibmtioai 
produced  by  this  length  of  pendulum. 

The  table  which  is  given*  to  show  how  much  a  pei^ulum  must  be 
lengthened  or  shortened,  according  to  the  gain  or  loss  in  a  day t  is  so 
fiur  curious,  seeing  iidiat  an  amazingly  small  quantity  is  required  to  make 
a  pendulum  gain  or  lose,  even  one  second  in  a  day,  to  say  nothing  of  one 
tenth  of  a  second  in  thai  time.  The  thousandth  part  of  an  inch  is  hard- 
ly visib}e,  even  to  a  veiy  good  eye;  yet  this  is  a  greater  quantify  than  is 
required  to  make  a  change  on  the  length  of  a  pendulum  fov  one  second 
in  a  day :  it  is  then  no  wonder  that  it  is  so  difficult  to  make  astronomical 
docks  keep  so  near  to  time  as  they  do,  or  that  compensation  pendulums 
should  be  brought  to  that  state  in  which  they  are ;  much  greater  perfec- 
tion can  hardly  be  expected  or  attained. 


Length  of  a  pendulum  in 
Inches  and  Decimal*  parts 
of  an  Inch.  ' 

• 
Loss  or  Gain  per  day 
in  Seconds  and  Deci- 
mal Parts. 

Decimals  of  an  Inch. 

39.18039845 

39.07171486 

39.15318499 

39.00882992 

39.12690571 

38.12509431 

39.12645365 

39.12554713 

39.1260905696 

39.1259094307 

losing        60. 
gaining     60. 
losing        30. 
gaining     30. 
.    losing          1. 
gaining        1. 
£>8ing         0.5 
gaining        0.5 
losing          0.1 
gaining        0.1 

most  be  shortened  0.05439845 
lengthened  0.05428514 
shortened   0.02718499 
lengthened  0.02717088 
shortened   0.00090571 
lengthened  0.00090569 
shortened   0.00045365 
lengthened  0.00045287 
shortened   0.0000905696 
lengthened  0.QD00905693 

We  still  may  be  allowed  to  take  another  view  of  the  subject,  re- 
garding the  length  of  pendulums,  and  the  number  of  their  vibrations, 
although  it  should  be  nearly  on  the  same  ground  as  has  been  gone 
over ;  because  the  practical  artist  requires  to  have  it  made  quite  famiMar 
and  easy,  and  there  is  no  doing  this,  without  giving  a  greater-  variety 
of  examples,  than  might  otherwise  be  thought  necessary ;  but  it  is 
now  meant  to  show  how  to  deduce  the  lengthening  and  shortening 
of  pendulums  for  their  difference  of  vibrations ;  and  thereby  to  ascer- 
tain how  much  they  must  be  made  longer  or  shorter,  by  means  of  the 
regulating  screw  and  nut  of  the  pendulum,  which  is  determined  by  the 
number  of  the  threads  of  the  screw  in  an  inch,  and  the  divisioR»  of  the 
nut,  where  every  prime  division  should  be  made  equal  to  one  second  in 
twenty4bur  hours. 

The  length  of  pendulums  are  in  the  inverse  ratio  of  the  squares  of 
their  vibrations  in  a  minute.  The  number  of  vibraticms  in  a  minute 
by  the  seconds  pendulum,  is  60,  the  sqjuare  of  which  is  3600,  whiclt 
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multiplied  by  the  length  of  what  may  be  called  the  standard  pendaluHi 
of  39.2  inches,  gives  141120.  A  pendulum,  gaining  at  the  rate  of  one 
minute  in  a  day,  or  vibrating  86460  seconds,  will  make  60.04166  vi- 
brations in  a  minute,  the  square  oi  which  is  3606.0009355556  ;  then 
Inversely,  as  3600  :  39.2  :  :  3605.000935556  :  39.1456  inches,  the 
length  of  the  pendulum  which  gains  at  the  rate  of  one  minute  in  a  day; 
and  to  keep  mean  time,  it  would  require  to  be  lengthened  .05444  of 
an  inch,  the  difference  between  this  and  the  length  of  the  standard  pen- 
dulum. A  Escrow  having  36.75  turns  in  an  inch,  two  turns  of  which 
would  be  equal  to  one  minute  ;  the  nut  divided  into  thirty,  each  division 
would  be  equal  to  one  second,  or  as  nearly  so  as  possible  ;  as  .05444  x 
36.75  =  2.0006700  turns,  or  .0544  X  36.75  =  1.999200  turns.  In 
the  calculation  for  this  lengthening  of  a  pendulum  by  Professor  Lud- 
1am,  he  makes  it  .0543877844,  and  .06438  x  36.8  »  2.001184.  If 
a  clock  loses  one  minute  in  a  flay,  or  goes  86340  seconds  in  twenty- 
four  hours,  the  vibrations  in  a  minute  will  be  69.9583,  the  square  of 
which  is,  3594.99783889.  Then  inversely,  as  3600  :  39.2  :  :  3594.- 
99783889  :  39.2648  inches,  being  the  length  of  that  pendulum,  which 
will  lose  a  minute  in  a  day,  and  will  require  to  be  shortened  .0648  of  an 
inch.  A  screw,  having  36.5  threads  in  an  inch,  two  of  which  would  be 
equal  to  one  minute,  .0648  X  36.6  =  2.00020.  A  pendulum  being 
shortened  an  inch,  or  38.2  in  length,  the  vibrations  in  a  minute  will  be 
60.78,  or  18.72  minutes  fast  in  twenty-four  hours,  which  call  18  minutes, 
43.20  seconds.  A  pendulum  being  lengthened  an  inch,  or  40.2  inches  in 
length,  the  vibrations  in  a  minute  69.2489,  or  18  minutes,  1.684  se- 
conds slow  in  twenty-four  hours.  To  find  the  vibrations  in  a  minute  by 
a  pendulum  of  40.2  inches  in  length?  40.2)141120.(3610.447761194, 
the  square  root  of  which  quotient  is  69.24903  vibrations  m  a  minute. 
To  shorten  the  seconds  pendulum  the  thousandth  part  of  an  inch^ 
and  find  how  much  the  clock  would  gain  in  twenty-four  hours  ?  Sup- 
pose the  seconds  pendulum  39.200  inches,  and  the  other  39.199  inches, 
the  square  roots  of  these  will  be  6.260990337,  and  6.260910477: 
If  we  put  them  6.260990337  :  6.260910477  :  i  x  :  3600,  we  shaU 
find  the  value  of  ar,  or  the  number  of  vibrations  'm  an  hour,  by  mul- 
tiplying the  extreme  terms  together,  and  dividing  by  the  mean,  the 
quotient  will  be  3600.0459,  the  number  of  vibrations  in  an  hour 
and  .0459,  the  excess  above  3600,  being  multiplied  by  24,  wfll 
give  1.1016  seconds  gained  in  a  day  by  shortening  the  pendulum 
the  thousandth  part  of  an  inch.  That  pendulum,  which  makes  30 
vilMBtions  in  a  minute,  is  156.8  inches  in  length ;  but,  on  its 
losing   30    seconds   in    twenty-four    hours,    what   is   its   length,   or 
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how  much  mast  it  be  shortened  ?  The  vibrations  of  the  first  being 
80  in  a  minute,   we  have  86400  :  30  : :  86370  :  29.989683,  the   vi- 
bratioDs  in  a  minute  made  by  ^   ottiert  and  the  square  of  this  is 
899.870068613889,  and  the  square  of  the  first  is  900  ;  so,  if  we  mul- 
tiply  the  length,  166.8  inches,  by  900,  the  square  of  the  vibrations, 
and  divide  die  pitxhict  by  899.876068613889,  we  shall  have   the 
length  for  the  other  pendulum,   166.909  inches ;  so  that,  shortening 
it  .109  of  an  inch,  would  correct  the  error  of  going  slow  30  seconds 
in  a  day.    A  clock,  with  a  hal&seconds  pendulum,  which  should  be 
9.8  inches  in  length,  loses  30  seconds  in  a  day.     The  vibrations  of 
the  half-seconds  pendulum  are   120  in  a  minute,  Ae  vibrations  of 
the   losing  pendulum  will  be   119.968333,    the  square  of  which   is, 
14390.001666138.889;  the  square  of  120,  the  vibrations  of  a  half- 
seconds  pendulum  in  a  minute,  is  14400,  which,  multq>lied  by  9.8,  the 
product  win  be  141120.0,  and  this,  divided  by  14390.001666138889, 
gives,  for  the  length  of  the  pendulum,  9.8068  inches,  and  being  short- 
ened .0068  of  an  inch,  will  correct  die  error  of  losing  80  seconds  in 
a  day.     A  pendulum,  gaining   one   minute  in  24   hours,   must   be 
kngdiened  as  719  is  to  720,  or  rkv  of  39.2  inches  »  0.0644  » iV  of 
an  inch  nearly.    A  pendulum,  gaining  one  second  in  24  hours,  must 
be  lengthened,  as  43199  is  to  432000,  or  iriinr  of  39.2  =  .0009, 
or   ifl.'ftflfl  of  an  inch.     The  length  of  a  siderial  pendulum  is,  39.2 
inches  —  0.216^38.984   inches.      A   pendulum,    of    the    standard 
length,  which  gains  half  a  second  a  day,  must  be  lengthened  0.00046 
of  an  inch.    A  pendulum  of  ditto,  which  loses  half  a  second  a  day, 
must  be  shortened  0.00069  of  an  inch.    The  standard  taken  in  the 
two  last  cases,   at  39.126  inches.     The   siderial  penduhmi,  or  that 
which  keeps  sidenal  time,  being  siq^posed  88.964  inches  in  length*: 
— ^Required  the   number  of  vibrations  it  would  make  in  a  minute? 
da984)141120.XK>0(3619.9466.     The  square  root  of  which  is  60.166 
vibrations  in  a  minute.     The  mean  solar  day  is  24  houra,  or  1440 
minutes.    A  siderial  day,  or  the  mean  solar  time,  which  a  star  takes 
from  one  transit  over  the  meridian  to  the  next,  is  23  hours,  66  minutes, 
4.1  seccnds,  or  1436.0683  minutes  of  mean  solar  time.     The  sidenal 
pendulum  is  supposed  to  make  1440  siderial  minutes  ih  the  sidenal 
day;  hence  its  length  must  be  shorter  than  that  which  keeps  mean 
solar  time.    The  difierence  in  length  of  these  two  pendulums  may  be 
shown  thus : 
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1440. 


log.     3.1583625 

square,    6.3167250 
a,  c,  of  1440* 
inches,     39.2 

sideriai  length,  38.986 

Difference,    0.214 


1436.0688 

log.     3.1571750 

square,    6.3143500 

3.6882740 

log.     1.5932861 


log.     1.5909101 


Let  it  be  required  to  find  the  length  of  a  pendulum  which  will 
make  120  vibrations  in  a  minute  ?  JRu^. — ^To  the  logarithm  of  the 
square  of  60,  (the  standard  taken,)  add  the  arithmetical  complement 
of  the  logarithm  of  120  square,  and  also  the  logarithm  of  39.2  inches, 
the  standard  length,  the  sum  will  be  the  logarithm  of  the  pendulum 
required. 

120  60 


log.     2.0791812 


square,     4.1583624 
a,  c,  of  120» 
39.2  inches. 

9.8  inches. 


log.     1.7781512 

square,    3.5563024 

5.8416376 

log.     1.5932861 


log.     0.9912261 


Let  it  be  required  to  find  the  number  of  vibrations  given  in  a  minute 
by  a  pendulum,  whose  length  is  12.098  inches  ? 

12.098  inches,  log.  1.0827136,  a,  c,  of  which  is,  &9172864 
39.2  inches,  ...  log.      1.5932861 

60*  -  .  log.      3.5563025 


Vibrations  in  a  minute,  108. 


4.0668750 


log.      2.0334375 


These  give  the  same  result  as  in  the  former  examples  by  loga- 
rithms. 

A  short  and  easy  rule  for  touching  a  pendulum  is  given  by  Pro- 
fessor Bridge,  in  the  following  theoremt  for  ascertaining  the  quantity 
to  touch  a  pendulum  according  to  its  daily  gam  or  loss.  When  a 
pendulum  of  a  given  length  has  been  observed  to  gain  or  lose  a  cer- 
tain quantity  daily,  it  is  convenient  in  making  adjustment  for  exact 
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time  to  have  some  condae  theorem  as  a  guide  to  bring  it  to  the  point 
desired  at  one  trial  in  all  cases.  **  Multiply  twice  the  length  of  the 
pendulum  by  the  number  of  seconds  gained  or  lost,  and  dhide  the 
result  by  the  number  ci  seconds  in  a  day,  the  qvotieni  will  give  the 
number  of  inches,  or  parts  of  an  inch,  by  which  the  pendulum  is.to  be 
lengthened  or  shortened.    Suppose  the  gain  of  a  seconds  pendulum 

to  be  three  minutes,  or  180  seconds  in  a  solar  day,  then     ^   ^    ^ 

86400S 

=  .1633  parts  of  an  inch,  which  is  the  quantity  in  this  case,  by 
which  the  pendulum  must  be  kngthmed  to  measure  mean  time.  But, 
if  the  three  minutes  had  been  ia$i  with  a  half  seconds  pendulum,  then 

— =  .04083  of  an  inch,  or  the  fourth  part  of  the  fonner 
oo400 

quantity  that  was  to  be  lengthened,  which,  in  this  case,  it  requires  to 
be  shortened.^ 

The  seconds  pendulum  being  39.2  inches,  and  the  daily  loss  or 
gain  being  supposed  18  minutes:    Required  the   quantity  by   which 

this  pendulum  must  be  shortened  or  lengthened?  —    ,.  .-_ bs.980 

o(  an  inch.  1102.06  seconds  would  be  equal  to  one  inch.  The  screw 
of  a  pendulum  rod,  having  M  tunis  in  .98  parts  of  an  inch,  three 
turns  of  which  would  be  equal  to  one  minute,  and  the  regulating  nut  di- 
vided into  20  prime  divisions,  each  of  which  would  be  equal  to  one 
second  in  a  day ;  but,  in  case  64  threads  of  a  screw  in  such  a 
space  should  be  thought  rather  too  fine,  let  us  take  a  screw  of  46  tunis 
in  the  same  space,  two  and  a  half  turns  would  be  equal  to  one  minute, 
and  the  nut  divided  into  24  prime  divisions,  each  would  be  equal  to  one 
second.  A  screw  of  36  threads,  ill  that  space,  would  require  two 
turns  of  the  nut  to  be  equal  to  a  minute,  and  30  prime  divisions  on  it^ 
each  would  be  equal  to  one  second. 

The  pendulum  of  a  clock  being  12.8  inches  in  length,  and  it  loses 
one  minute,  or  60  seconds,  in  24  hours :  How  much  must  the  pen- 
dulum be  shortened  ? 

— '  ^   -^ — =s  .018  nearly  of  an  inch.     The  number  of  turns  which 
86400  •' 

the  regulating  screw  has  in  an  inch  is  34 ;  then  what  turns,  or  parts 

of  a  turn,  ought  to  be  given  to  the   regulating  nut  to  shorten  the 

pendulum,  so  as  to  correct  the  error  ?     Suppose  an  inch  to  contain  one 

thousand  equal  parts,  the  number  1000  being   divided    by    34,  the 

number  of  threads  on  the  screw  in  an  inch,  it  will  give  nearly  30  of 

the    thousand   equal  parts   for  every   thread  or  turn   of  the   screw; 
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then,  if  60  seconds  require  .018  of  an  inch,  .030  urill  be  equal  to  100 
seconds,  and  100  seconds  requiring  one  turn,  60  seconds  will  require 
six-tenths  of  a  turn.  The  following  length  of  pendulums,  to  vibrate 
mDitary  pace  time,  may  be  easily  made  :  Take  a  musket  bullet,  and 
attach  it  to  the  end  of  a  veiy  fine  thread,  from  the  centre  of  the  bullet 
to  the  point  of  suspension  where  the  thread  is  tied  or  fixed,  measure 
ofi*  25.04  inches,  this  will  then  be  a  simple  pendulum,  and  from  its 
length  will,  when  vibrating,  give  76  vibrations  in  a  minute,  or  the  num- 
ber of  paces  when  marching  to  slow  time.  When  ordinary  time  is 
wanted,  the  thread  can  be  shortened  to  12.076  inches  from  the  centre 
of  the  ball,  and  the  vibrations  given  will  be  108  in  a  minute,  the  number 
of  steps  required  in  ordinary  time.  For  quick  time,  bring  the  length 
of  the  pendulum  to  9.8,  or  9.781  inches,  the  vibrations  will  be  120  in 
a  minute,  being  the  number  of  steps  required  for  that  kind  of 
marching.  An  apparatus  for  this  purpose  might  be  easily  made,  and 
would  be  very  useful  to  a  field-officer  when  exercising  troops  to  march 
to  the  different  times  required.*  One  bullet,  with  the  same  thread, 
could  at  once  be  set  to  any  of  the  lengths  which  are  supposed  to  have 
been  previously  marked  off;  and  by  this  means  no  time  need  be  lost  in 
adjusting  the  length  for  the  different  pendulums;  or  a  small  brass 
frame,  containing  a  common  'scapement-work,  to  act  or  impel  a  pendu- 
lum of  9.8  inches  long,  having  a  small  square  rod  above  the  centre  of 
motion,  and  on  the  rod  a  sliding  weight,  adjusted  so  as  to  set  at  places 
for  slow  and  ordinary  time.  If  the  drum-major  corps  play  the  march- 
es in  their  proper  time,  this  will  make  the  troop  keep  to  the  proper 
number  of  steps. 

How  a  clock  may  be  regulated,  or  made  to  keep  mean  time,  or  very 
near  to  it,  in  twenty-four  hours.  Knowing  the  number  of  turns  in  an 
inch,  and  parts  of  an  inch,  of  the  regulating  screw  Of  the  pendultun, 
and  having  the  nut  so  divided  to  answer  the  screw  as  that  each  divi- 
sion on  it  shaU  be  equal  to  one  second  in  twenty-four  hours. 

On  setting  the  clock  agoing,  and  comparing  it  very  accurately  widi 
a  well  regulated  time-piece  or  astronomical  clock,  at  first  for  one  hour, 
as  we  shall  suppose,  and  in  that  time  it  is  observed  to  have  gained  five 
seconds,  then  calculate  how  much  this  rate  would  be  in  twenty- 
lour  hours,  which  would  be  two  minutes,  or  120  seconds.  The  re- 
gulating nut  being  divided  into  thirty,  each  turn  of  it  would  dien  be 
equal  to  thirty  seconds,  and  four  turns  would  be  equal  to  120  seconds, 
give  the  regulating  nut  then  four  turns  downwards,  and  the  clock  will 
be  found  veiy  nearly  at  time.  Let  it  be  again  set,  and  allowed  to  go 
on  for  the  remaining  twenty-three   hours,  and%  observe   what   it  has 
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gamed  or  lost  in  thai  time;  if  tbe  amoant  of  enor  ia  two  aeoonda  alowt 
set  the  nut  up  about  two  diviaiona*  and  the  clock  will  now  be  regulated, 
or  nearly  so.  In  twenty-four  hours  we  haye  regulated  a  clock  by  this 
method,  that  at  the  end  of  twenty-three  daya  afterwards,  h  was  found  to 
have  lost  only  four  seconds,  or  going  at  the  daily  rate  of—- 0.174  of  a 
second. 

In  comparing  a  dock  or  chronometer  widi  the  regulating  dock, 
when  they  are  under  regulation.  There  is  in  this,  as  well  as  in  eveiy 
other  thkig,  a  neat  or  proper  method:  Suppose  the  docker  watch 
under  regulation  is  found  to  be  fester  than  the  regulating  dock,  count 
in  your  own  mind  tbe  beats  or  seconds  of  the  regulating  dock  by  the 
ear,  keeping,  at  tbe  same  time,  your  eye  steadily  on  the  seconds  hand 
of  the  dock  or  chronometer  imder  regulation,  and  when  the  beat  of 
the  regulator  is  on  the  sixtieth  second,  mark  well  where  the  seconds 
hand  of  the  piece  under  regulation  is,  andjyou  will  have  ezacdy  what 
it  has  gained.  On  the  other  hand,  should  the  piece  under  regulation 
be  losing,  count  the  beats  of  the  regulating  dock  in  your  own  mind» 
knowing,  at  the  same  time,  where  the  seconds  hand  of  it  is  at,  and 
keeping  your  eye  <m  the  seconds  hand  of  the  piece  to  be  regulated,' 
notice  the  instant  when  the  seconds  hand  of  it  comes  to  the  sixtieth 
second,  and  what  beat  or  second  the  regulator  is  at,  and  you  have  the 
difference,  or  the  number  of  seconds  which  the  dock  or  chronmne- 
tar  may  have  lost  When  addition  or  subtraction  is  used,  with  the 
differences  between  two  docks,  where  one  of  them  is  to  be  regulatedf 
errors  may  take  place;  but,  in  the  method  we  have  just  described, 
this  is  not  likdy  to  happen. 

If  a  simple  pendulum,  vibrating  seconds  in  a  veiy  small  arc,  ia 
made  to  describe  any  of  tbe  arcs  in  die  foUowiqg  Table,  the  daily  loss 
will  be  according  to  die  extent  of  the  arc  made  on  each  side  the  point 
of  rest,  as  shown  there : 


Arcs  Described 

Incbea  and 

Daily  loss. 

on  each  side. 

Decimal  Parts. 

0O16' 

0.168 

0.1  sec 

0    30 

0.337 

0.4 

1      0 

0.674 

•1.6 

2      0 

1.349 

6.6 

3      0 

2.024 

14.8 

4      0 

2.699 

26.3 

5      0 

3.374 

41.1 

20 
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To9d  off  Jhgreea  and  Minutes  on  the  Pendukm  Index  PUAe. 

In  clocks  mfidd  for  astronomical  purposes^  the  lower  end  of  tfao 
pendulum  rod  is  sometimes  formed  into  a  small  and  sharp  point, 
serving  as  an  index  to  a  plate  of  brass,  (fixed  to  the  inside  back  of  the 
clock-case,)  on  which  is-  graduated  degrees,  and  parts  of  a  degree,  of 
a  great  circle.  The  length  of  the  peodulum  over  all  being  given, 
thence  to  find  the  chord  of  one  degree.  Suppose  the  length  to  be 
45  inches,  then  say,  as  the  arc  of  1'  is  to  0.0002908,  so  is  46  inches 
to  jr. 

1':  0.0002908 : :  45  inches. 
45 


14540 
11632 


•0130860 
X  60  the  minutes  in  a  degree. 

0.7851600  parts  of  an  inch,  equal  to  one  degree. 

.78516  parts  of  an  inch,  must  be  taken  for  the  length  cS  every  de- 
gree set  off  on  the  brass  plate,  and,  subdividing  each  degree  either  into 
fbur  pr  si^,  will  show  the  minutes. 

It  may  not  be  uninteresting  to  some,  to  have  directions  how  to  hiy 
off  the  degrees  and  minutes  on  the  brass  index  plate.  Provide  a 
deal-board,  about  four  feet  in  length,  and  seven  or  eight  inches 
broad,  and  a  thin  piece  of  well  hammered  plate  brass,  six  inches 
long,  its  breadth  an  inch  and  four-tenths ;  let  it  be  pinned  fast  across 
the  board,  and  near  to  one  end  of  it ;  at  the  other  end,  fix  a  round 
pin  of  steel  wire,  (not  less  than  a  quarter  of  an  inch  in  diameter,) 
having  an  inch  or  two  above  the  surface  of  the  board,  to  serve  as  a 
ceqtre  of  snotion,  to  a  rectangular  bar  of  wood,  four  feet  in  length, 
one  and  a  half  inch  broad,  and  tb/B  thickness  about  an  inch ;  near  to 
one  end  of  the  bar,  make  a  hole  for  the  steel  pin  to  go  through,  at  the 
other  end,  taking  a  'distance  from  the  centre  of  motion,  somewhat 
less  than  45  inches,  make  a  hole,  into  which  is  fixed  a  cutter,  to  trace 
two  portions  of  circles  on  the  brass  plate ;  the  first  portion  being  traced, 
to  get  the  other,  the  cutter  must  be  shifted  lower  down,  near  to  two- 
tenths  of  an  inch,  to  give  the  space  between  the  circles.  On  this 
space,  at  a  distance  of  three  inches  or  so,  (supposed  equi-distant,) 
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firom  die  ends  of  die  breM  platet  make  a  point  for  Zero,  or  0 ;  firom 
it,  towards  each  end,  mark  points  for  die  degrees,  1,  2,  8,  ormorOy 
then  subdivide  each  degree,  to  show  eidier  ten  or  fifteen  minutes.  The 
cutter  may  now  be  taken  out  of  its  place,  and  a  flat  thin  piece  of 
brass  fixed  to  the  lower  end  of  the  bar,  projecting  a  litde  way  beyond 
the  bar,  having  one  of  its  edges  straight,  in  order  to  mark  off  the  de- 
grees and  their  subdivisions ;  another  hole  must  be  made  at  the  upper 
end  of  the  bar,  (for  the  steel  pin  to  go  throu^)  at  such  place  and 
distailce  as  to  bring  the  brass  straight  edge  to  lay  across  the  index 
plate ;  stepping  the  different  points,  and  holding  the  straight  edge  steady 

at  themt  with  a  sharp  knife-edge,  or  such  like,  maili  the  degrees  and  their 
subdivisions. 

The  length  of  a  degree  can  be  determined  also  by  ndes  in  plain 
trigonometry. 

AB  =  45. 
AC»45. 
B  C  =:     .78516 


Sum     90.78516 


i  Sum  45.39258    &    H  ^  45.39^58  co.  log.  8.34dOSte 

H  —  BC  =:  44.60742  co.  log.  8.ll505t>30 

H  ---  AB  «i       .89266        log.  *^6088B8i 

H  ^  AC  »       .89258        log.  9M96a6^ 

80'X2=1''     Sum  16.8814752 


Tangt.  of  30  =  i  Sum      7.9407376 

Given  two  sides  of  a  triangle,  each  45  inches,  and  the  angle  con* 
tainedone  degree:  To  find  the  chord?  Say,  as  radius  is  to  twice  die 
sine  of  35',  so  is  45  inches  to  x. 

N.  S.  of  80'  is  87.266  X  2  =  174.630  N.  S.  of  P 

N.  S.  of  I''  is  174.530,  die  kg.  sine  of  which  is  8.2418553 

The  log.  of  45  inches  is        ....    L6532125 

.78536  parts  of  an  inch       -        .slog.     9.8950678 


k 


\, 
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Three  ttdoB  given :  Bequixedtfaeaog^? 


451  u 
45. 
.78536 

Sum    -    •    -     90.78536 


Hldfaum   •    -  45.39268 
-—  Opposite  angle    .78536 


44.60732 

i  Oppodta  angle     .39268 

Ditto    -    -     .39268 


CO.  log.  8.3430192 

CO.  log.  8.3505938 

-  log.  9.5940388 

-  log.  9.5940388 


Tangt.  (rf*  30'  X  2 


15.8816906 


Theanglel  a-  !<> — 80'  Tangt.  ss  i  sum 7.9408453 

ThelUle  which  we  are  abouttogive,  containing  different  lengths 
of  pendulums^  the  number  of  their  vibrations  in  a  minute,  and  the 
numbers  for  the  teeth  of  the  wheels  and  pinions,  to  produce  the  vi^ 
brations,  vrill  be  found  veij  useful  and  convenient  for  the  dock-maker, 
who  having  detennsned  on  his  height  of  case,  or  length  of  pendulum, 
has  only  to  inspect  the  Table  to  find  what  his  wheels  and  pinions 
diould  be,  which  will  save  a  great  deal  of  trouble.  For  the  like  reason 
isaddeda  Table  of  various  trains  of  watches,  and  chronometers,  and 
the  numbers  of  their  wheels  and  pinions  calculated  to  produce  them,  and 
whkdi  may  be  usefid  to  many  a  watch-maker,  and  watcb-movement 
maker. 
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t  ToUe  of  OiM  La^thi  of  Pmdmhmi,  their  Vibraiuma  tn  a  Jlfimtfe, 
md  the  JVWmftart/or  the  Teeth  of  aaeh  Whetk  amd  Ptmom  at  ore  eat- 
eiJaiedtofrodeieethenL 


i 


Yibnlioiia  in 

Length  of  Pendu- 

1 

■■  1 

hiBiBmuiche8> 

Nmnben  for  the 

Number  of 

aminiite. 

anddadmal 

Wheel  Teeth. 

LeaTeein 

part*  of  an  inch. 

the  Pinions. 

188 

3.928 

47 

36 

36      20 

6 

180 

4.366 

46 

36 

36     20 

6 

176 

4.608 

128 

106 

26 

8 

176 

4.608 

36 

36 

36     26 

6 

176 

4.883 

128 

102 

26 

8 

166 

6.183 

132 

100 

27 

9fc8 

160 

6.612 

128 

80 

30 

8 

160 

6.612 

120 

96 

30 

9fc8 

166 

6.797 

104 

96 

30 

8 

162 

6.108 

96 

96 

32 

8 

161.2 

6.172 

84 

72 

27 

6 

160 

6.272 

100 

96 

30 

8 

146 

6.712 

120 

87 

30 

9&8 

146 

6.712 

100 

87 

32 

8 

144.9 

6.720 

92 

84 

36 

12  &  8 

142 

7.001 

128 

71 

30 

8 

142 

7.001 

120 

71 

32 

8 

141.76 

7.023 

90 

84 

86 

8 

140 

7.200 

96 

80 

86 

8 

140 

7.200 

84 

80 

40 

8 

137.8 

7.430 

90 

84 

36 

8 

136 

7.746 

96 

90 

30 

8 

136 

7.746 

90 

90 

82 

8 

133.8 

7.874 

90 

84 

34  . 

8 

132.3 

8v062 

84 

84 

86 

8 

130.3 

a320 

90 

88 

40 

9 

130 

ad60 

100 

78 

32 

8 

129.9 

8.362 

90 

84 

3 

8 

129.1 

M66 

84 

83 

46 

9 

128.6 

8«77 

84 

84 

36 

8 

128 

8.610 

100 

96 

40 

10 

126 

8.880 

90 

84 

36 

9&8 

126 

8.880 

90 

84 

32 

8 

126 

8.880 

108 

100 

36 

10 

126 

9.031 

100 

80 

30 

8 

122 

9.471 

90 

84 

31 

8 

120 

9.800 

90 

80 

32 

8 

120 

9.800 

90 

80 

36 

9&8 

120 

9.800 

80 

72 

40 

8 

\ 
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tBROTH  or  PKHDULUItS,  &C. 
(T<AU  continued.) 


Vibrations. 

Length  of  Pen- 
dulums. 

Wheel  Teeth. 

Pinion 
Leaves. 

120 

9.800 

96      80      30 

8 

120 

9.800 

80      80      36 

8 

118.5 

10.050 

90      78      32 

8 

118 

10.135 

NnmbefB  for  this  not  easily 

to  be  got. 

mm  «k^^ 

•  unless  very  disproporti< 

Hiate. 

117.6 

10.220 

94      75      32 

8 

117.3 

10.256 

90      88      32 

9&8 

115 

10.672 

115    100      30 

10 

114 

10.858 

96      76      30 

8 

112 

11.250 

105    100      32 

10. 

112 

11.250 

90      84      32 

9&8 

112 

11.250 

84      80      32 

8 

110.25 

11.610 

84      84      30 

8 

110 

11.662 

HO    100      30 

10 

110 

11.662 

88     80      30 

8 

108 

12.098 

81      80      36 

9&8 

108 

12.098 

96      72      30 

8 

108 

12.098 

90      90      32 

10  &  8 

106 

12.800 

105    100      30 

10 

102 

13.564 

83      72      32 

8 

102 

13.564 

85      81      32 

9&8 

100 

14.112 

125    108      32 

12 

100 

14.112 

100    100      30 

10 

100 

14.112 

80      80      30 

8 

100 

14.112 

80      72      32 

8 

100 

14.112 

96      80      25 

8 

98 

14.694 

98      60      32 

8 

98 

14.694 

84      64      35 

8 

98 

14.694 

84.     84      30 

9&8 

96 

15.400 

108    100      32 

12&10 

94 

15.971 

94      64      30 

8 

90 

17.422 

80      72      30 

8 

88 

18.223 

100      88.    32 
88      m      30 

8 

88 

ia223 

8 

86 

19.098 

86      64      30 

8 

84 

20.000 

84      64      30 

8 

80 

22.050 

64      60      40 

8 

80 

22.050 

75      64      32 

8 

78 

23.182 

72      65      32 

8 

76 

25.088 

75      60      32 

8 

72 

27.222 

72      64      30 

8 

70 

28.800 

70      64      30 

8 

68 

30.519 

64      64     30 

8 

TRAIM   or   WATOBU,    CH«0BOIimBf ,  &C. 
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Ji  Tabu  of  ihs  TVotM  of  W^AcHm,  Ckrommeien,  ^.  or  their  Beaii 
in  an  Hcur^  wUh  the  JAmU>tr$  for  ike  fVkeek  and  PkmnUf  as  caicn^ 
laied  to  ftoduce  ihmtu 


Beats  in  an  hour. 

Numben  of  the  Wheel 
Teeth. 

Nnmben  of  the  Pinion 
Leaves. 

16200 

70  66  54  16 

8   7 

7 

164S9f 

57  54  60  15 

8   7 

6 

16800 

70  64  64  15 

8   8 

8 

16800 

80  64  60  14 

8   8 

8 

16800 

70  64  60  16 

8   8 

8 

16900 

54  68  50  13 

6   6 

6 

1692&iV 

68  62  62  13 

6   6 

6 

169503iV 

64  62  52  13 

6   6 

6 

17010 

72  64  63  15 

8   8 

8 

17160 

64  63  65  13 

8   7 

6 

17326 

64  63  65  16 

8   8 

6 

17333^ 

60  60  48  13 

6   6 

6 

Theabo 

▼e  were  chiefly  the  trains  of 

old  watches. 

7200 

64  48  40  15 

8   8 

8 

14400 

64  64  60  15 

8   8 

8 

14400 

96  90  00  16 

12  18 

18 

14400 

96  90  75  16 

12  12 

10 

14400 

80  75  80  15 

10  10 

10 

17280 

54  48  48  15 

6   6 

6 

17280 

63  56    56  15 

7   7 

7 

17280 

72  64  64  15 

8   8 

8 

17280 

72  64  60  14 

8   8 

7 

17920 

70  64  64  14 

8   8 

7 

18000 

54  60  48  15 

6   6 

6 

18000 

60  48  45  15 

6   6 

6 

18000 

80  80  75  15 

10  10 

8 

18000 

75  64  64  15 

8   8 

8 

18000 

75  64  60  16 

8   8 

8 

18432 

72  64  64  16 

8   8 

8 

20250 

54  54  50  16 

6   6 

6 

21600 

80  72  64  15 

8   8 

8 

Should  tbere  be  any  trains  requiied  which  are  not  in  the  Tables,  tte 
artist  can  supply  this,  by  having  recourse  to  the  method  which  has  beea 
given  to  find  numbers  for  wheel  teeth,  &c. 

Between  the  weight  of  the  pendulum  ball  of  a  clock,  and  that  of 
the  weight  or  moving  force  applied  to  it,  there  ought  to  be  some  sort 
of  proportion ;   for,  if  the  moving  force  is  too  great,  it  will  tend  io 


160  BimmioNB  or  hollow  otlimbkbs. 

increase  the  firiction,  and  wear  the  machine  ftster  out ;  if  it  is  too 
little,  the  dock  will  not  get  well  through  when  the  oil  gets  diick  and 
foul:  The  arc  of  vibration  should  lutve  the  supplementary  angle 
about  equal  to  the  angle  of  'scapement,  the  nature  of  which  may  re- 
quire more  or  less.  The  far  greater  number  of  clocks  have  the  mov- 
ing force  much  more  powerful  than  what  is  necessary,  arising  in  some 
d&gree  from  the  trouble  of  getting  weights  to  any  specific  number  of 
pounds,  or  not  having  any  rule  to  determine  what  the  wei^t  of  any 
given  cylinder,  &c.  of  lead  should  be.  It  is  for  these  reasons  that 
we  shall  insert  the  rules  and  examples  for  finding  this,  so  as  a  clock- 
maker,  when  making  trial  with  his  dock,  should  give  no  more  than 
the  motive  force  requisite  for  the  pendulum ;  he  shodd  hang  on 
weights  by  degrees,  until  he  sees  that  it  has  got  the  proper  quantity, 
which  he  finds  to  be,  €w  toe  shall  suppose^  10  lbs.,  and  he  wants  to 
have  a  hollow  cyhndricd  brass  or  tin-plate  shell,  that  shall  hold 
exactly  10  lbs.  weight  of  lead.  Although,  to  find  this,  is  a  case  in 
the  mensuration  of  solids,  it  is  neverthdess  a  subject  requisite  to  the 
profession. 

A  cubic  inch  of  lead  is  known  to  weigh  6  ounces,  9.08  drams 
avoirdupois ;  now,  by  the  simple  Rde  of  Three,  we  may  find  how  many 
cubic  inches  will  be  required  for  10  lbs.  of  lead.  Say,  if  6  oz.  9. 08 
drams  is  equal  to  one  cubic  inch,  what  number  of  cubic  inches  will 
10  lbs.  require? 


oz.    dr. 
6   9.08 

cub.  in.   lbs. 
:  1  :  :   10 

16 

16 

105.08 

160 

16 

960 
160 

106.08)2560.00(24.362  cubic  inches. 

Then,  to  find  a  hollow  brass  cylindricd  shdl  of  such  a  length  and 
diameter,  as  to  contain  the  given  number  of  cubic  inches,  24.362,  or 
as  near  to  it  as  may  be ;  a  little  wiU  depend  on  practice,  but,  to  save 
the  trouble  of  computing  this,  a  table  will  be  given  of  shells  of  dif- 
ferent capacities,  and,  consequently,  of  different  weights.  To  find 
the  solidity  of  a  cylinder  in  cubic  inches,  and  decimd  parts  of  a  cubic 
inch :  The  nde  is,  mdtipty  the  area  of  the  base  of  the  cylinder  by 


Dutan^tioNB  or  boLlow  cTLnroeR^. 


m 


ffee  p^rpeildieQlBr  height ;  the  product  will  be  the  soEdilj :  Or,  as  1 
is  to  0«78549  (or,  iBlher  0.785899,)  bo  is  the  square  of  the  diameter  of 
Ae  cylinder,  taken  in  inches,  and  parts  of  an  inch,  to  the  number  of 
square  inches,  &c.  contained  in  the  area  of  the  base,  which  nund)er  being 
multiplied  by  the  height,  taken  in  indhes,  and  parts  of  an  inch,  will  give 
the  solid  contents  thereof  in  cubic  inches,  &c. 

Suppose  we  hare  a  cylinder,  whose  diameter  is  2.26  inches,  and  the 
hei|^  or  depth  6.25  inches:  Required  the  solidity? 


Thediameter 

2.25 

Multiplied  by  itself 

2.25 

. 

1125 

450 

450 

The  product 
Multiplied  by 


5.0625  the  square  of  tlie  diameter. 
0.7854 


Multiplied  by 


202500 
258125 
405000 
864875 

8.97606760  area  of  the  base. 
6.25  the  height 

198S048750 
796217500 
2886662500 


Multiplied  by 


24.8606468750solid  contents  incub.  inches. 
105.08  drams  in  a  dubic  itich* 


1988048750000 
1242527848750 
248505408750 


lbs.  OK. 

261 1 .295465625000  drams  =  10    8 


This  cylinder  appean  Aen  to  have  been  taken  too  laige  in  its  di- 

menfiioM.    If  we  had  taken  one  at  6.18  inches  in  height,  and  2f.24 

inches  in  diameter,  we  would  have  come  nearer  to  the  required  solidity 

and  weight 

21 
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SIWUISIONS  OF  HOLLOW  OTiJLf  y  &C. 


2.24 
2.24 

896 
48 
448 

6.0176 
0.7864 

200704 
260880 
401408 
861232 

8.94082304  area  of  the  base. 


3.94082304  area  of  the  base, 
multiplied  by  the  hdght,  6.18 

3162668432 
394082304 
2364493824 


24.3642863872  cubic  inches. 

106.08dr.  ina  cubic  inch. 


1948342910976 
1217714319360 
243642863872 


lbs. 

2669.148413666976  drs.  =  9      16.9 


This  is  brought  as  near  as  may  be  to  10  lbs. 

A  cylinder,  being  6  inches  in  height^  and  2.6  in  diameter :    Required 
the  sohdity  ? 


2.6 

0.7864 

2.6 

6.26  square  of  base. 

126 

39270 

60 

16708 
47124 

6.26 

4.908760  area  of  base. 

6  height 

29.462600  contents  in  ci 

lbs.  oz. 

dr. 

12    1 

6.86. 

lbs. 
12.08933,  or 


Twoorttree  more  examples  shall  be  given,  with  oval,  in  place  of 
cylindrical  shells.  The  solidity  of  any  body  having  an  oval  form,  may 
be  found  by  the  following  Rule: — Multiply  the  transverse,  or  long 
diameter,  by  the  conjugate  or  short  diameter,  and  the  product  by  .7864 ; 
the  product  will  be  the  area  of  the  base,  which,  being  multiplied  by  the 
height,  will  give  the  solidity  or  number  of  cubic  inches.  The  trans- 
verse diameter  being  3.6  inches,  and  the  conjugate  1.6  inch,  the  height 
6  inches :  Required  the  cubic  inches,  and  weight  of  lead,  to  fill  such 
ashellT 


bmsRsiom  of  hollow  otliubers,  6lc.  bt  looabithics.  16S 

Transvene  diameter,     3.5         .7854 
Conjugate  ditto,  1.5  5.25 


175  89270 

35  15708 

39270 
5.25    


4.123350  area  of  the  base. 
6the 


24.740100  cubic  inchea. 

105.08  drams  in  a  cubic  inch. 


197920600 

123700500 

24740100 

— ^—  Ibi.       01.       dr.      • 
drama  in  a  pound,  256)2599.089706(10        2        7 

The  transrerse  diameter  being  4  inches,  the  conjugate  2,  and  the 
height  6.25  inches :  Required  the  solid  contents  or  number  of  cubic 
inchest 

Transverse  diameter,  4  drams  m  a  cubic  inch,  105.08 

Conjugate  ditto,         2      multiplied  by  the  cubic  in.  39.27 


8  78556 

.7854  21016 

94572 

area  of  base,      6.2832  31524 

height,         -  6.25  lb.   oi.    dr. 

—  drams  in  a  pound,  256)4126.4916(16    1     14 
314160 

125664 

376992 


cubic  inches,  39.270000 

If  these  examples  were  done  by  logarithms,  they  would  be  much 
easier.  Having  found  the  number  of  cubic  inches,  add  their  loga^ 
rithm  to  the  constant  logarithm,  9.6134202,  the  sum  will  be  the  kgari^ 
of  the  number  of  pounds  in  the  cubical  inches. 

The  constant  logarithm  9.6134202 

Cubic  inches,  39.27,        log.  1.5940609 


16.1191b.  =z        -        log.  1.2074811 


lj^4  LfimCTTIfAB  PXUPITLUV  BAUtS,  ^fccu 

Pendulum  baDs  are  commoidy  oompoeed  of  two  equal  flegmenfo  of 
a  sphere,  foiming  a  lens*  or  a  aprt  of  lenticular  shape,  and  the  wock* 
man,  or  those  who  may  direct  him,  when  mipdng  up  Ihe  brass  shells, 
or  covers  for  the  pendulum  ball,  which  are  to  be  filled  with  lead, 
should  know  exactly  the  quantity  which  will  be  required  to  fill  them, 
otherwise  they  must  make  the  pendulum  either  too  light  or  too 
heavy  for  that  which  may  be  wanted :  and,  without-  knowing  before 
hand,  by  calculation,  to  give  the  requisite  dimensions  for  the  cov^s, 
they  must  be  laboring,  in  some  degree,  at  random. 

To  find  the  solidity  of  the  segment  of  a  sphere. — JRtib.  To  three 
times  the  square  of  the  radius  of  its  base,  add  the  square  of  the 
height,  and  this  sum,  multiplied  by  the  height,  and  the  product  again 
by  .6236,  will  give  the  solidify* 

The  diameter  of  a  pendulum  ball  being  6.2  inches,  and  thickness 
2.1  inches:  Required  the  solidity  and  weight  of  lead?  Being  com- 
posed of  two  equal  segmenls  of  a  spherct  if  we  get  the  solidity  of  one 
of  them,  doubling  it  will  give  the  solidity  of  both.  Here  the  ladius 
of  the  segment  base  is  3.1  inches,  and  the  height  1.05  inch :  To  find 
the  solidity  of  such  a  segment? 

Hd^t,  1.05  inch.       radius  of  baie,  3.1  31.4291S6 

1.05  3.1      multiply  by  the  dec.  .5836 

5S5 
105 

1.1095  square  of  height 


3.1 

188574750 

93 

94S87375 

68858250 

9.61  nq.  of  rad. 

157145685 

3  times 

88.83 
add        1.1085  sq.  of  height 


16.4568898500  solidity  of 
%     one  seg. 


89.9385 
multiply  by       1.05  the  height 


38.91857970  the  two  seg. 


1496685 
899385 


31.489185 


To  the  constant  log.       ...       a6l34WMI 
Add  the  log.  of  the  solidity,  31^1857      1.5173617 


height  1  mch:   Be^puied 


13.513  lbs.    =        -        .        -        log.  1.1307819 

base  of  the  segment  be  6  inches, 


Square  is  1. 


Baditts  of  Oq  lMise» 

8iiidies. 
8 

HWght  1. 

Sqoare  of  radius, 

9 
8tiines. 

Add  tbe  square  of  height, 

27 
1 

\ 

JSxMfij  hy  hsifl^ 

28 
1 

28 
Muhiply  hy  the  dec  .6236 

41886 
10478 


14.6608  solidity  of  one  segment 
2 


29.3216  (£tto  of  both  segments. 
To  the  constant  log.  -  9.6134202 

Add  soKdity,  29.3216,  log.  1.4671877 

12.04  lbs.  »        .  -        log.  1.0806079 

The  diameter  of  die  base  of  the  segment  6  inches,  and  the  height  .6  of 

an  inch :  Required  the  solidity? 

Radius  of  the.  base  3  inches.        height    .6 

3  .5 


9  26  sq.  of  height 

3  times. 


27 
Add  Ae  aquaia  of  the  height  0.26 


27.26 
Multiply  by  the  height       -        .6 


13.626 
Muhiply  by  the  decimal        .6236 

81760 
40876 
27260 
68126 


7.1340600  soUdify  of  cme  segment 
2 


14.2681  ditto  of  both  segments. 


i 
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PEHBULUM  BiJLL  mnSTCrMS  OV  A  COHX. 


Constant  log. 
SoMty  14.2681 

6.8586  Ibfl.  s= 


9.618^02 
log.  1.1548660 


log.  0.7677862 


A  pendulum  ball  may  veiy  properly  be  formed  of  two  equal  fius- 
tums  of  cones,  being  a  shape  very  fit  for  the  purpose.    An  exam|^ 
or  two  may  be  taken,  and  the  Rule  given  to  find  the  solidify  of  the  ^ 
frustum  of  a  cone. 

To  find  the  solid  contents  of  the  frustum  of  a  cone.— I2fi2e,  Multiply 
the  diameters  at  top  and  bottom  into  one  another,  to  the  product  add  a 
third  part  of  the  square  of  their  difference ;  multiply  this  sum  by  .7854, 
and  the  product  shall  be  a  mean  area,  which  being  multiplied  by  the  per- 
pendicular height,  the  last  product  shall  be  the  solid  contents  in  cubical 
measures  of  the  whole,  in  such  parts,  (as  inches,  feet,  &c.)  as  the  diame- 
ters and  height  were  taken. 

Example.  Let  the  greater  diameter  of  the  frustum  of  a  cone  be  7 
inches,  the  lesser  4  inches,  and  the  height  0.5  of  an  inch :  Required 
the  solidity  t 


Greater  diameter    7  inches. 
Lesser  ditto     -     4 


28 


Add  the  thiid  of  square  of  difil      3 


31 


Multiply  by  the  decimal    -     .7854 


Multiply  by  die  height 
Solidity  of  one 


7854 
23562 

24.3474 
0.5 

12.17370 
2 


7 
4 

ddifierence. 
3 

3)9  square  of  difi*. 
3  third  of  sq.  ofdifil 


Solidity  of  both        -       24.34740 

constant  log.    -    9.6134202 
24.3474  log.     -     1.3864526 


9.997  lbs.  a  log.  0.9998728 


nxmvhxm  ball,  sphcbe,  ob  olobk.  187 

Another  example  witt  make  the  ndesuflkiendyplaiii.  Let  the  greater 
diameter  be  7  inchea,  the  leaser  8.6  incheB«  and  the  hei{^t  .7  of  an  inch : 
fiequired  the  solidity? 

Greater  Diameter  7 

Lesser  ditto    -    3*6  7 

8.6 

^  24.6  

Add  the  third  of  square  of  diff.    4.083  3.6  difference. 

3.6 

28.688         -^—        • 

Multiply  by  the  decimal      -        .7864         176 

106     . 

114332      

142916    3)12.26  square  of  diff. 

228664        

200081  4.083  thiid  of  sq.  of  diff 


22.4490882 
Multiply  by  the  height  .7 


16.71436174  solidity  of  one. 
2 


CuUcinches    -    -    -     31.42872348  ditto  of  bodu 

Constant  log.    -    -   9.6134202 
31.4287  log.    -    .    1.4973264 

12.904  lbs.  a  log.     1. 1 107466 

Although  a  sphere  or  globe  is  not  a  common  figure  for  the  ball  of 
a  pendulum,  yet  that  shape  is  very  proper  for  large  turret  clockst  where 
the  pendulums  are  often  exposed  to  cuirents  of  air  or  eddy  winds  blowing 
in,  and  up  and  down  in  the  steeples.  Suppose  a  pendulum  ball  or  globe» 
6.76  in  diameter:  Required  the  solidity,  and  weight  in  lead;  to  find 
the  solid  contents  of  a  sphere  or  globe  t 

BuU. — Multiply  the  diameter  of  the  sphere  twice  into  itralf,  (which 
gives  the  cube,)  and  the  product  by  .6236,  the  last  product  is  the  solidity 
required. 


168  0L4S8   J  AS   FOB   HttCUBUL   nilllllMV. 


6.76 
6.76 


3375 
4726 
4060 

46.5626 
6.76 

2278126 
3189376 
2733750 

307.646876 
.6236 

1846281260 
922640626 
616093750 
1637734376 


16L0816487600  cubic  incheB  in  the  qphere. 

Constant  logarithm    -    9.6134202 

161.08IM        -     log.  2.2069112 

III        II 

66.12  0)8.  »   -     log.  1.8208314 


AD  other  things  in  a  turret  clock,  adoording  wMi  a  length  of  pendulum 
whose  vibrations  are  one  in  two  seconds,  a  ball  of  66  lbs.  is  not  too 
mxkA*  The  figores  required  in  finding  the  solidity  of  a  g^obe  ai^  much 
abridged  by  the  use  of  logarithms. 

The  dismeter  of  a  globe  being  6.76  inches  *  «  log.  0.8293038 
whidb,  Mdtiplied  by  3,  will  give  the  log.  df  the  cube  3 


««M 


The  Cube  of  6.76  is  307.646875,  the  log.  of  which  is  2.48791 14 

.6236,  the  log.  of  which  is,  add  9.7189996 

Cubic  inches  161.03154,  the  log.  of  which  is        -        -         2.20691 10 

The  glass  jar  for  a  mercurial  pendulum  being  7  inches  deep,  and 
two  inches  in  diameter,  both  inside  measure,  it  is  required  to  know 
what  quantity  of  mercury  will  fill  the  jar  or  cylinder  up  to  6.4  inches  ? 


rauL  MMiiiiim  Mil 

The  4iuiet0r  2  ladiea 
9 

4  sq.  of  Ae  cGbu 
Bf  nltq^ly  the  square  of  the  diameter  by  the  decimal  .7854 

4 


AieaofAebMe        «        ail4i# 
Multiply  by  the  heig^  6.4 

190564 
188496 

Solidi^  in  cubic  inchea  -  2040624 

ToAeceaatoMtliogaiidiBiformaieuiyyaddtfae  logariiM of  tfaa  eukie 
bcliea,   the  aum  will  be  tiie  logarithm  for  die  wei^t  of  meieuiy 


Cooatant  log.  for  mercury  -  9.6908663 
Mkl06MOQlMiMiM-  kg.  l.aM«M 

9.867  iba.sa       .       log.  0.9941861 

Seeing  we  have  uaed  one  cooatant  logarithm  for  lead«  and  another 
fiH- mercury,  to  be  added  to  the  logarithm  of  thecubic  indiea,  to  find 
the  logaiithmB  of  the  weight  of  lead  and  of  mercuryy  it  may  be  proper 
to  show  how  tfaeee  constant  logariduns  are  obtained.  To  die  aiithmeticd 
complement  ai  the  logarithm  of  1728,  (the  number  of  cubic  inches  in 
a  cubic  foot,)  add  die  logarithm  of  62,6  lbs.  (the  weight  of  a  cubic  foot  of 
pure  water,)  together  with  the  logarithm  of  the  apedfic  granly  of  whafe- 
ever  metal  or  substance  it  is  required. 

1718  inchei,  log.  a.S3754S7  a.c  6.7614563      ...       -        6.7694669 

Weightofa  cubicfoot  of  w»tar62.5  log.  1.7958800     -       .        -       -        1.7958800 
SpecifiognTityofleadlL35S3    log.    1.0550639  i.g.ofmeic.  13.5681  log.  1.13S5190 

Constant  log.  for  lead  9.6134803   Const  log.  for  mercury  9.6908553 

When  any  vessel  is  to  be  filled  widi  lead,  filling  it  first  widi  pure 
water,*  the  weight  of  which  being  taken,  and  multiplied  by  11.3628, 

*  Before  pouring  melted  lead  into  avewel  which  has  been  pre?iouBly  fiUed  with 
water,  it  ia  requisite  that  the  veMel  be  eompletely  emptied  of  the  water,  and  thor- 
oogfaly  dried. 

22 
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tbe  specific  gravity  of  lead,  will  give  the  weight  of  the  lead  which  the 
vessel  win  hold.  If  a  glass  jar  for  a  mercurial  pendulum  be  ^ed  up 
with  water  to  any  required  height,  and  the  weight  of  the  water  mulr 
tiplied  by  13.5681,  the  specific  gravity  of  mercury,  it  will  give  the 
weight  of  the  mercuiy  required.  The  foregoing  rules,  with  the  cases 
resolved  by  ihem,  will  appear  not  to  be  so  neatly  done  as  they  might 
have  been  ;  but,  had  they  been  set  out  with  such  formulsB  and  charac- 
ters as  mathematicians  are  accustomed  to  make  use  of,  they  would 
have  been  wholly  unintelligible  to  a  great  part  of  those  for  whom  the 
rules  are  givem 

For  Ijxample*    To  find  the  solidity  of  the  firustum  of  a  cone? 

Put  D  =  greater  diameter. 

d  =:  lesser  diameter.  Theorem 

m  =  .7864  — X:D   xd|«  — Dxd=S 

3  

h  =  height  or  rather 

ScBSoUdilj.  -3-xTx3|'— Dxd=S 

This  to  a  mathematician  is  a  very  simple  business,  and  yet  with  many 
a  dock-maker  nothing  could  be  made  of  it 
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A  TahU  of  varum  tizu  of  ClocJc  weights  SkelU,  their  lengtht  and 
Diameters  gwen  m  Inches  and  Decimal  parts  of  an  Inch^  %oUh 
their  SoUdUy  or  Jfumber  of  CMc  Inches^  and  the  JVfon&er  of 
Pounds  and  Decimal  parts  of  a  Pounds  aooirdupois  toeighl^  qf 
Lead  required  to  fU  them. 


Length  in  Inch- 
es and  Decimal 
Parta. 

Diameter  in 
Ditto. 

Cubic  Inches,  4cc. 

Number  of 
Pounds,  Wei^t 
of  Lead,  £r 

4. 

2. 

12.576 

5.151 

4.26 

2. 

13.361 

5.482 

4.5 

2. 

14.137 

5.804 

4.76 

2. 

14.922 

6.127 

6. 

2. 

16.718 

6.449 

5.25 

2. 

16.493 

6.772 

5.6 

2. 

17.278 

7.094 

6.76 

2. 

18.064 

7.589 

6. 

2. 

18.849 

7.739 

6.25 

2. 

19.645 

a062 

6.5 

2. 

20.420 

8.384 

6.76 

2. 

21.699 

8.909 

6. 

2.25 

23.856 

9.795 

6.25 

2.25 

24.851 

10.208 

Q.6 

2.25 

25.844 

10.611 

6.75 

2.25 

26.838 

11.029 

6. 

2.6 

29.452 

12.093 

6.25 

2.5 

80.679 

12.697 

6.5 

2.5 

31.906 

13.101 

6.76 

2.5 

33.134 

13.604 

6. 

2.75 

36.637 

14.632 

6.25 

2.75 

37.122 

16.252 

6.5 

2.75 

38.607 

16.862 

6.75 

2.76 

40.090 

16.461 

6. 

3. 

42.4li 

17.414 

6.25 

3. 

44.178 

iai29 

6.5 

3. 

45.946 

18.865 

6.75 

3. 

47.713 

19.591 

7. 

3. 

49.480 

20.816 

7.25 

3. 

51.347 

21.042 

7.5 

3. 

53.014 

21.767 

7.76 

3. 

64.781 

22.503 

.    8. 

3. 

56.548 

23.219 
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CHAPTER  Vm. 

On  A»  Eacaptnunif  or  ^Seapemmt;  end  the  ^acwery  of  the  Pemhlunit 

wiih  iU  appUcalum  to  a  Cloch 

The  liwcHpcmont  is  Ihat  pott  of  a  clock  or  watch  coimeeted  with  the 
beatd  nibkk  %•  hear  them  give;  and  these  beats  are  the  efi^ts  of 
the  mom^  power,  carried  forward  by  meaiiB  of  the  wheels  in  the 
moT^ment  to  the  last  one,  which  in  a  clock  is  called  the  swing  wheel, 
and  iki  a  watch,  the  balance  wheeL  The  teeth  of  these  wheels  act  on 
the  pallets  or  rerge^  which  are  of  various  shapes,  and  which  form  the 
most  essential  part  in  a  'scapement ;  the  drop  from  each  tooth  of  the 
swing  or  bilance  wheels  on  their  respective  pallets,  givinig  one  beat 
or  impulse  to  die  pendulum  or  balance,  in  order  to  keep  up  or  main- 
tain their  motion ;  and  were  it  not  for  the  pallets,  which  alternately  stop 
the  teeth  of  die  swing  or  balance  wheels,  the  motive  force  would  have 
no  check.  Hence  it  is,  tfcafti  by  thi9  mechanism  of  the  ^scapement, 
the  wheels  in  the  movement  ara  prevented  from  having  theimvolutions 
accelerated,  wUcb  would  take  place  to  such  a  degree,  as  to  make  the 
machine  run  down  in  a  minute  or  two;  whereas,  from  the  resistance 
opposed  by  the  pallets,  it  is  k^  going  for  twenty-four  or  thirfy  hours, 
for  a  week,  or  a  month,  or  even  for  twelve  months.  In  sudi  clocks  or 
watches,  however,  which,  as  a  matter  of  curiosity,  have  been  made  to  go 
longer  thaa  a  month,  there  b  less  reason  to  expect  an  accurate  measure 
of  time,  unless  great  skill  is  displayed,  not  only  in  the  execution,  but  also 
in  their  coiMiiction. 

No  part  of  %  clock  or  watch  requires  so  much  skill  and  judgment 
inthe  contrivatice,  and  so  much  care  and  nicety  in  its  execution,  as 
that  of  the  ^scapement;  and  none  of  the  'scapements  of  the  present 
day  require  this  more  than  the  crown  wheel  and  verge  'scapement, 
which,  iditti  nicely  executed  on  proper  principles,  does  extremely 
well  for  a  common  pocket  watch :  but  this  is  a  tbing  hardly  bow  to  be 
met  with. 

fVom  the  time  of  Dr.  Hookei  and  during  the  last  century,  many  in» 
genious  cOMtrivtuices  for  'scapements  were  suggested ;  but  the  number 
of  those  adopted  in  practne  is  very  limited.  The  crown  wheel  and 
verge  'scapement  is  represented  in  Plate  III*  No.  17,  where  Y  is  the 
yerge> and  C  the  crown  wheel,  pp  the  pallets,  and  B  B  the  balance.  It 
is  the  oldest  that  is  known,  and  must  have  been  the  only  one  used  in 
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dafokB  for  Mveivl  eeaturies  preirious  to  the  middle  of  die  Bevoo- 
teendii  or  towafffa  the  end  of  it  Altfaoiigk  it  has  been  so  long  in 
wnd  BO  «dl  known  to  ereiy  clock  end  wntcb-maker,  diat  its 
are  now  orakrakedv  and  heki  in  Isttlo  eotimntioii ;  yet,  if  it  ia 
duty  conaidered,  it  will  be  found  to  have  been  a  verjr  masterij  and 
iageoioiis  device.  The  crown  wheel  and  verge  are  of  audi  an  odd 
ahape*  that  thejr  reoenble  nothing  that  is  familiar  to  ua ;  yet  some 
ancient  artiat  had  contrived  it  for  die  iMnpoae,  (and  U  eertoMg  wot 
an  h^mmmu  ikougkif)  to  give  an  alternate  motion  to  a  plain  wheel 
or  croea,  which  he  had  aoapeoded  from  the  upper  end  of  its  axis  bj 
a  atiing,  wfaereaa  foimeriy  it  reated  on  the  lower  end  of  die  axis  or 
Jbai  fiooL  This  phan  wheel  waa  like  die  fly  of  our  common  kitchen* 
jack.  In  place  of  tUi  circular  rim  or  plain  wheel  on  the  axiSf 
there  were  aome  of  them  duit  had  two  arms,  fonning  something  like 
a  cross ;  on  diese  were  made  notches,  concentric  to  the  axis,  in  which, 
on  each  ann,  were  hung  a  small  wei|^;  by  shifting  these  more  or 
less  from  the  centre,  die  clock  was  made  to  go  slow  or  fiist  From 
the  wei^tineBs  of  this  kind  of  balance,  and  the  rode  execution  of 
the  work,  the  friction  on  the  end  of  die  foot  i»vot  would  be  so  great, 
that  it  is  ptobable  diere  was  some  difficulty  to  make  die  dock  keep 
g<Hng  for  any  length  of  time*  Recoune  waa  then  had  to  suspend 
die  balance  by  a  small  cord,  so  that  the  end  of  the  lower  pivot  should 
not  rest  on  die  foot  of  the  potence*  This  ingenious  idea  has,  in 
modem  times,  been  adopted  both  by  Beithoud  and  Le  Roy,  who 
have  had  die  balances,  in  some  of  their  marine  time  keepers,  suspend- 
ed by  a  piece  of  very  small  haipsicbord  wire,  or  by  a  very  delicate 
piece  of  watch  pendulum  spring  wire.  The  mechanism  of  die  move* 
meat  of  diese  andent  docks  is  exacdy  die  same  as  has  been  frequent- 
ly made  for  an  alarm.  To  construct  this,  and  i^ply  it  to  a  clocki 
there  was  hardly  a  step  to  go ;  and  therefore,  in  all  probability,  the 
invention  of  the  alarm  part  took  place  before  that  of  the  striking 
part,  thou^  some  have  thought  odierwise.  Berthoud  thought  so,  as 
appeaia  by  his  having  put  the  striking  part  as  the  prior  invention  af  the 

tWOw 

In  many  parts  of  India,  where  public  clocks  are  unknown  at 
this  day,  they  strike  die  hour  upon  a  plate  of  silver,  (or  silver 
alloyed  with  some  other  metal,}  of  a  l^ticular  shape,  about  18 
inches  in  diameter,  and  formed  from  the  middle  of  a  thin  square 
plate  of  die  same  metaL  The  plate  is  hung  by  a  double  string,  on 
a  cross  bar  of  wood,  whose  ends  are  supported  on  the  tops  of 
wooden  posts  fixed  firmly  in  the  ground ;  and  when  the  hour  is  in- 
dicated  dther  by  their  sand-basses,  depsydrv,  or  water  dropping 
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imstruments,  vfbich  they  sometimes  use,  they  strike  widi  a  wooden 
mallet  on  the  circular  or  lenticular  part  of  the  plate,  and  thus  pro- 
claim the  hour  of  the  day ;  the  sound  produced  is  strong,  clear,  and 
pleasant.  This  device  is  practised  in  many  of  the  towns  and  oan^ 
throughout  India. 

.  The  invention  of  the  striking  part  to  a  clock  was  a  more  complex 
process  than  that  of  an  alarm,  and  we  have  no  doubt  of  the  priority  of 
the  latter. 

Plate  lY.  No.  19,  represents,  in  profile,  a  clock  with  an  alarm ; 
No.  20,  shows  the  dials  of  this  machine,  with  the  hours,  minutes,  and 
seconds,  as  seen  in  front  <  The  small  dial  A  is  that  of  the  alarm ; 
the  large  dial  concentric  with  the  small  one,  is  that  of  the  hours  and 
minutes ;  and  the  dial  B  is  that  of  the  seconds.  The  wheel  work  of 
the  movement,  No.  19^  is  composed  of  four  wheels  contained  in  the 
frame  C  D ;  H  is  the  great  wheel,  which  carries  on  its  aibor  a  pul- 
ley, in  whose  groove  are  fixed  several  steel  pins  with  shaip  points, 
serving  to  enter  into  the  texture  of  the  cord  carrying  the  wei^t  F 
of  the  going  part,  and  the  counter  weight  G.  This  pulley  carries 
the  encUquetage^  a  kind  of  click  and  ratchet  woric,  by  means  of  a 
step  spring,  and  the  crosses  of  the  great  wheel,  so  that  when  the 
counter  weight  is  drawn  down,  it  winds  up  the  weight  F. 

The  first  wheel  H  makes  its  revolution  in  an  hour ;  its  axis,  which 
is  also  that  of  the  pulley,  carries  the  pivot  b  prolonged  outside  of  the 
plate  C.  This  pivot  carries  a  cannon,  (or  socket,)  on  the  end  of 
which  is  fitted  the  minute  hand,  on  the  lower  end  is  riveted  the 
wheel  c,  which  pitches  into  the  wheel  d  of  the  same  diameter  and 
number  of  teeth ;  the  axis  of  the  wheel  d  carries  the  pinion  e,  which 
pitches  in  and  leads  the  wheel  /,  that  makes  a  turn  in  12  hours,  and 
its  socket  carries  the  hour  hand.  » 

The  wheel  H,  which  has  64  teeth,  pitches  into  the  pinion  g  of  8 
leaves.  The  axis  of  this  pinion  carries  the  wheel  I  of  60  teeth, 
which  pitches  into  the  pinion  ^  of  8  leaves ;  this  makes  60  turns  for 
one  of  the  wheel  H,  and  consequently  one  turn  in  a  minute ;  and  the 
hand  t,  carried  by  the  long  pivot  of  the  axis  A,  points  out  the  seconds  on 
the  dial  B,  No.  20. 

The  axis  of  the  seconds  pinion  h  carries  the  contrate  wheel  K, 
which  has  48  teeth ;  it  pitches  into  the  pinion  k  of  12  leaves.  The 
axis  of  this  pinion  carries  the  wheel  of  rencounter,  or  crown  wheel  L 
of  15  teeth.  This  wheel  makes  'scapement  with  the  pallets  2,  m, 
carried  by  the  axis  of  the  balance  M  M,  which  is  the  regulator  of 
the  machine. 

At  each  revolution  of  the  crown  wheel  L,  the  balance  makes  twice 
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15  vibmdoiifl,  that  is  to  say,  80;  and  this  wheel  makes  4  turns  for 
one  of  die  wheel  for  seconds,  so  that  the  balance  makes  120  vibra- 
Imus  in  a mmute,  and  7200  inanhour;  each  of  these  vibrations,  then, 
m  half  a  second  of  time,  and  the  seconds  hand  makes  two  beats  in  a 
second. 

The  mechantoa  of  the  alarm  part,  which  is  very  simple,  is  con- 
tained in  the  seccmd  firame  N  0,  connected  with  that  which  encloses 
the  wheel  woik  or  movement  of  the  going  part  of  the  clock. 

The  crown  wheel  P,  or  that  of  the  'scapement,  carries  on  its  axis 
the  pnlley  Q,  (of  the  same  kind  as  that  on  the  going  great  wheel  H) 
sunoonded  or  overhipped  with  the  cord  which  supports  the  weight 
R,  the  mover  of  the  alarm,  and  its  counterweight  S.  This  pulley  makes 
a  kind  of  click  and  ratchet  work,  with  that  of  the  wheel  P  for  the  wind- 
ing up  of  the  weight  IL 

The  teeth  of  the  wheel  P  'scape,  with  the  pallets  n,  o,  formed  on  the 
vertica]  axis  T  Y,  whose  kneed  arm  pp,  qq^  forms  in  a?  the  hammer  of 
die  alarm.  This  hammer  is  in  form  of  a  small  cylinder,  the  two  ends 
of  idiich  are  shaped  somewhat  like  a  hemispherical  button,  or  it  is  a  cyl- 
inder of  a  larger  diameter,  with  hemispherical  ends,  as  seen  at  No.  19, 
and  strikes  alternately  upon  the  opposite  inside  edges  of  a  bell,  which  is 
not  represented  in  the  plate. 

The  alarm  wheel  P  carries  on  its  circumference  a  pin  which  serves 
to  stop  the  alarm  after  winding  up  the  weight:  this  stop  is  made  by 
means  of  the  arm  p,  of  the  detent  p,  ^,  r,  put  within  the  frame  composed  of 
the  dial-plate,  and  that  of  the  back  plate  0  of  the  alarm  part  To^ 
make  the  deteiUion  of  the  alarm,  there  is  placed  on  the  socket  of  the 
hour  wheel,  another  socket  which  carries  the  dial  of  the  alarm  <,  and  a 
counter  spring  «,  on  which  is  fixed  a  pin,  which  serves  to  raise  the  arm  r 
of  the  detent  p,  q^r;  so  that  the  arm  p  is  drawn  up  from  the  wheel  P, 
and  disengages  the  pin  which  it  carries ;  the  alarm  then  sets  off,  and 
strikes  rapidly  on  the  bell. 

In  order  that  the  alarm  may  set  off  at  the  precise  hour  at  which  one 
wants  to  be  awakened,  it  is  only  tummg  the  dial  A  of  the  alarm,  *No. 
20,  so  that  the  cypher  of  the  hour  required  is  placed  under  the  small 
end  «  of  the  hour  hand.  If  it  is  wanted  that  it  should  give  the  alarm  at 
four  hours  and  a  half,  place  the  dial  as  it  is  seen.  No.  20.  between  the 
cyphera  4  and  6,  &c. 

On  comparing  the  alarm  part  of  this  dock,  with  the  'scapement- 
wori[  in  diat  of  Yick's,  the  difference  may  be  said  to  be  very  little ;  for 
a  pulley,  when  put  on  the  arbor  of  Tick's  crown  wheel,  and  into  it  a 
pin,  along  with  the  other  ^>paratus  which  has  just  now  been  described, 
will  truly  constitute  what  may  be  called  an  alarm.    The  mechanism 


/ 


176        AI.ABMS|    PBIOB  INVSMTIOlf   TO    ftTBIKIKG    CLOCKS. 

of  an  alarm  port  is  greatly  improved  by  making  it  m  aneh  a  irajr  at  Wb 
sometimes  have  done,  and  hete  it  is  actuated  b  j  a  spring,  in  phoe  of  a 
weight  as  in  the  fornix,  not  that  this  difierence  is  considered  as  as^  pait 
of  the  improTement  The  wheels  are  73,  64,  and  60,  ttraapinieiMr  «f 
8,  eight  semi-circular  steel  lifting  pins,  set  alternately  on  each  side  of  the 
wheel  of  64,  with  two  hammers  and  a  bell  to  each,  on  ssparato  and  slen- 
der bell-studs;  by  this  means,  each  bell  retainsthe  sound  broug^  o«t 
of  it  by  its  own  hammer,  and  no  janing  or  confused  diaagreeable  sortef 
noise  can  take  place  as  in  the  Mtoay^  from  which,  howeiver,fewornone 
of  the  modem  alarms  differ.  The  fly  and  its  pinion  will  make  8.75 
rerolutions  for  the  Ming  of  each  of  the  hammen.  A  wheel  of  49,  in 
place  of  60,  would  give  3  revohitione  for  the  lift.  Th^ahrm  barrel  and 
spring  is  put  on,  and  inside  of  the  fore-plate^  the  great  wted  of  7SI  hiyv 
fear  to  the  pillar  plate,  the  fly  turns  behind  the  p31ar-phte,  and  nwybe 
made  somewhat  like  that  which  ia  fiequendy  used  fiw  the  quarter  part  <rf* 
a  clock ;  that  is,  so  as  at  pleasure  it  can  be  set  to  moderate  the  veloeify 
of  die  train  of  wheeb,  by  extending  flie  wings  (or  vanes)  more  or  less; 
The  length  of  the  fly  over  all  may  be  from  2.5  to4i»dliflB,  the  weight 
about  118  grains.  If  the  mam  spring  of  the  abim  makea  four  tHnftk 
the  barrel,  the  time  of  the  alarm  punning  may  he  from  a  mimte  In 
two  minutes,  according  to  existing  circumstances. 

The  opinion,  viz.  dwt  the  ahrm  part  was  a  prior  invenlmtothe 
striking  part  in  clocks,  is  strong^  corroborated  by  the  observations  ef 
Hamberger^  in  Beckman's  ESdartf  of  tmwiUaH^  ^*^  These  horologia«?' 
haremarics,  ^notonly  pointed  out  the  hours  by  an  index,  butemitted 
abo  a  sound.  This  we  learn  from  Prtmorta  ImtUuia  Canmiiwrum 
Praaumsiatoi/tttni,  where  it  u  ordered  that  the  sacristan  should  regi»- 
late  the  horologium,  and  make  it  sobnd  before  matins  lo  awaken  him* 
I  dare  not,  however,  venture  thence  to  infisr,  that  these  machines  anv 
nonnced  the  number  of  the  hour  by  their  sound,  aa  &ey  seem  only  to 
have  given  an  alarm  at  any  proposed  time  of  getting  xxp  from  bed.  I 
have  indeed  never  yet  found  an  author  where  it  is.  mentioned  that  the 
number  of  the  hour  was  expressed  by  them;  and  when  we  readef 
their  emitting  a  sound,  we  are  to  understand,  that  it  was  for  thepurpose 
of  awakening  the  sacristan  to  prayers.  The  expression  horologimm 
eecidit^  which  occurs  frequency  in  the  before  quoted  writers,  I  conaidar 
as  allusive  to  this  sounding  of  the  machine.  Du  Freane,  in  my  opinioii^ 
under  the  word  horohgimm^  mistakes  the  expression,  de  ponderihu9  in 
imum  ddapa^i  because  the  madiioe  was  then  at  rest,  and  could  raiae 
neither  the  sacristan,  or  uixy  one  else,  whoae  busineea  it  was  lo  beat  the 
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llV)ie»  Mudttni  it  pel  (^,  (ha  iFei|^w)Beh  is  the  n^emg  ftmiof  if 
ymf  mon  falb  to  tbe  bottouii  find  than  tho  alavm  ceaaes. 

la  attamptiiig  tomaka  tfaa  fir^t  'scapemeat,  thera  can  be  little  doubt  Dmt 
apinathing  of  tha  ciicu}ar  or  cyluidncal  kind  waa  contrivad  or  diaa^Dv^sadf 

wd  tba  onljr  thiag  vbicb  Qoidd  0¥a  d  aaaltamala  Qiotioot  wm  aitbar  % 
flpinl  taring  or  a  paodultfiyi  i  but  tbaae  tbioga  baing  than  unfcp^vq,  Ami 
ciockHnakar  waa  obligad  to  aaak  aflar  otbar  roothodai  and  ai  last  prpduaad 
tha  croTO  whaai  aad  veige  'acapeioant  How  cama  it  that  meana  M 
nawpliaatad  waia  takao,  whan  tbaae  wiMcb  w«ra  mprp  simpla  find  bMir 
waaa  availookad  1 

It  is  a  very  singular  ciicttmstance,  that  as  a  small  ba)l  or  vaigbl, 
when  aaapended  by  a  slender  thread,  and  drawn  a  Uttla  aaide  ^gm 
tbo  parpeadiculart  on  beiqg  let  go,  continues  to  vibrate  for  a  poaajdeii^ 
Ue  tiiaa«  and  with  tba  utnoat  lagularity ;  and  as  many  tbinp  in  dofaaa* 
tie  Mie  waiia  hung  iqp  or  suspended  by  strings,  and  wem  a? eiy  4f9 
seen  or  obseryad ;  yel  sq  long  a  time  elapsed  before  any  thiqg  ipf  thi0 
kind  was  ever  thought  of,  or  applied  to  regulate  the  motion  of  g 
doQkl  It  ia  aiid  that  Oalileo  took  his  idea  of  a  pendulum  frpin  tfafi 
motion  of  A  lamp  auapanded  from  the  roof,  ojr  ceiling  of  g  idwnvilt 
iriMch  had  been  aooidentally  set  a  vibrating.  He  used  tfie  w^  pai^ 
dulunif  in  Ua  Mtrooonueal  observations,  long  bafore  it  wan  W^ed  {9  • 
dpcj^  9one  of  the  earliar  a«iironomers,  as  well  aa  Cralilapi  «aed  g 
common  utring  end  balU  which  they  made  to  yflKata  a  Ulda  whflt 
dviring  the  lima  of  an  obaeryatioa  d*  any  of  the  beavanly  bodieas 
yat  even  these  astronomers  did  not  think  of  its  application  to  alaahiu 
Dfany  waibch-finishers,  when  their  watch  is  fini^ied*  far  ipatU  ^  a 
imdtfluai  fhckt  vagulata  it  by  means  of  »  ball  and  ading,  which  pill 
answer  veiy  weB,  by  taking  40  vibrations  of  a  pendidamf  whoae  oasil- 
lationa  are  made  in  a  seqondf  in  the  same  time  that  the  cnntrata  whaal 
of  a  common  watch  ought  to  make  one  revolutiojir 

As  ^jm^nbiAm  is  tbe  principle  on  which  the  isochronal  malico  dS  a 
pandulum  is  foonded*  it  cannot  properiy  be  consideiDad  m  m  mwAxm* 

as  some  have  called  it,  whatever  name  may  be  given  to  it  whan 
«ypp]iad  to  reigidata  the  motion  of  a  clock.  The  penduhim  havinig 
bafons^  bean  long  known  in  its  simple  atatoy  and  used  aa  a  isort  i^ 
timshmeaauiert  it  was  no  ivcaidar  that  the  ilea  f£  crying  it  to  a  dock 
was  antartained  by  aeveml  persoos  nearly  abawt  the  aama  period 
The  movement  of  the  ancient  balance  clocks  was  not  adapted  tat  the 
application  of  the  pendukun,  so  as  readily  to  give  motk)n  to  it  Tlie 
Wikeelsin  them  were  all  flat  ones,  except  the  crown  wheel,  and  no 
other  'soipement  at  this  time  was  known  but  that  of  the  crown  wheal 
and  v«Rge;  ao  that,   without   coosiderablo   difficulty  and  invention^ 
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the  penduhim  could  not  well  be  applied  to  this  constnictioii  of  a  dodc 
movement  The  pocket  watch  had  been  made  a  considerable  timd 
before  thiSf  and  the  construction  of  its  moTeraent,  which  had  a  con- 
trate  wheel  in  it,  would  naturally  lead  them  to  that  of  one  wfaicfa  would 
adapt  itself  to  the  motion  of  a  pendulum,  as  by  means  of  the  contrate 
wheel,  the  arbor  of  the  crown  wheel  could  be  made  to  stand  in  a  vertical 
position,  whereas,  in  the  old  balance  clocks,  the  position  was  hoiizontaL 
Galileo  seems  early  to  have  discovered  the  properties  of  the  pendulum ; 
it  has  been  said,  as  early  as  towards  the  end  of  the  sixteenth  centuiy* 
and  their  investigation  long  after  that  was  prosecuted  with  great  success 
by  Huyghens. 

The  son  of  GalUeo  applied  the  pendulum  to  a  clock  at  Venice,  in 
the  year  1649 ;  but  to  what  sort  of  a  movement  we  cannot  pretend 
to  say,  though  we  suspect,  from  that  want  of  success  which  seems  to 
have  attended  his  trials,  that  he  had  not  adopted  the  contrate  whed 
movement,  already  mentioned,  as  the  most  proper  for  it  We  know 
that  Huyghens  made  use  of  this  sort  of  movement,  as  the  only 
one  fit  to  be  regulated  by  the  motion  of  the  pendulum,  which  he  had 
also  applied.  Of  late,  another  candidate  for  the  application  of  the 
pendulum  to  a  clock  has  been  brou^t  forward  by  such  respectable  au* 
thori^,  that  leaves  little  or  no  room  to  doubt  of  its  authenticity. 
Mr.  Grignion  informs  us,  ''that  a  clock  was  made  in  1642,  by  Rich- 
ard Harris  of  London,  for  the  church  of  St  Paul's,  Govent  GardeUf 
and  that  this  clock  had  a  pendulum  to  it"  It  appears,  fifom  un- 
questionable evidence,  that  Galileo,  mathematician  to  the  Grand 
Duke  of  Tuscany,  first  discovered  the  properties  of  the  pendulunif 
used  it  in  his  astronomical  observations,  as  has  been  already  men- 
tioned, and  wrote  a  tract  explaining  its  principles.  This  tract  was 
translated  firom  the  Italian  into  French  at  Paris,  printed  in  1639,  in  a 
duodecimo  volume,  and  sold  by  Pierre  Ricolet  Galileo  intended  to  apply 
it  to  a  clock,  but  this  he  never  put  in  execution.  Father  Alexander  says, 
''  that  they  had  nothing  better  than  the  balance  clocks  in  France  until  the 
year  1660." 

It  may  be  observed,  that  the  application  of  the  pendulum  to  a  clock, 
and  of  the  spiral  spring  to  the  balance  of  a  watch,  were  the  greatest  im* 
provements  that  could  possibly  have  been  made  in  the  machinery  of  time- 
measuring,  and  they  botii  happened  to  have  been  brought  into  use  nearly 
about  the  same  period. 

Seeing  that  Daniel  and  Thomas  GrigniMi  had  been  watch-makers 
in  London  as  early  as  1740,  if  not  before,  were  long  afterwards  in 
great  repute,  men  of  integrity,  and  great  ingenuity,  especially 
Thomas,  who  has  left  us  in  such  a  positive   manner  this  account  of 
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HmiIb^s  pendulum  ciock,  that  a  doubl  of  the  fiM^t  caimot  weD  be  admit- 
tad;  and  although  it  had  not  tOl  of  late  got  any  kind  of  publicity,  yet 
the  cannot  be  a  sufficient  reaaon  to  make  ua  withhold  our  assent  toit. 
Galileo  had  pubKahed  an  account  of  the  nature  and  properties  of  the 
pendulum  a  few  years  before  Hanis's  clock  was  made,  who  anay  have 
by  some  means  got  hokl  'of  it,  and*  being  a  clock-maker,  might  vary 
readily  fidl  on  the  way  oi  applying  a  pendulum  to  his  clock*  Inigo 
Jones  was  the  archil|ct  for  the  church  of  St  Paul's,  Coveot  Cburdw, 
he  had  been  twice  in  Italy  during  the  time  that  Galileo  flourished^ 
and  possibly  may  have  communicated  to  Harris  what  he  mi^  have 
heard  in  Italy  of  a  pendulumr 

Justus  Boigen,  or  ByigiuSf  a  Swiss,  who  was  allowed  to  be  an  ex- 
cdlent  mechanic,  as  well  as  a  profound  mathematician  and^  astrono- 
mer, is  said  to  have  put  a  pendulum  to  a  clock,  and  this  at  a  consi- 
derable time  before  that  of  Hairia's.  Being  much  engaged  in  making 
phikMK^hical  and  mathematieal  instruments  of  various  kinds,  ho 
may  probably  have  seen  the  nature  of  a  swinging  body  or  pendu- 
hun^and  adi^ttedit  U>  his  dock;  or  he  may  have  heard  of  what  had 
been  done  ix  published  by  GaKIeo,  who  was  well  on  in  die  vigor 
of  life  somewbile  before  lycho  Brahe  came  to  Prague. 

The  evidence  for  this,  as  will  be  seen  in  the  sequeU  sUrdy  carries 
along  with  it  such  a  degree  €£  respect,  that  there  seems  to  be  no  ra- 
tkmal  ground  to  refuse  or  deny  it 

Berthoud  has  a  train  of  arguments  against  that  of  Borgen  having 
applied  the  pendulum  to  a  dock,  yet  says,  *^  considering  his  great 
abilities,  it  is  not  improbable,  but  from  not  having  published  it,  he 
is  not  entitled  to  the  merit  of  it"  The  arguments  used  here  against 
Bofgen  may  come  equally  so  to  Harris.  ^*  That  because  a  pendulum 
dock  was  not  known  in  France  before  the  year  1660,  it  is  not  likdy 
that  it  oodd  have  been  applied  any  where  else%  for  any  length  of  time 
before  this  period," — ^^that  so  great  an  improvement  as  this  is  to  a 
dock  could  not  fail  to  be  soon  and  widely  spread  abroad."  It  may, 
however,  be  remarked,  that  there  are  many  things  of  great  utility, 
that  get  diffused  but  very  dowly  and  gradually  after  the  discovery* 
WaickjeweUmgf  far  nuUmce^  was  practLsed,i  as  a  trade,  m  London 
neariy  an  hundred  years  before  it  was  introduced  in  Paris,  or  even 
Geneva,  the  native  place  of  the  inven^^.  Indeed,  this  art  was  so 
long  established  in  London,  that  most  of  the  watch-makers  there 
thou^t^it  an  English  inv^ition,  at  least  we  found  this  to  be  their 
genend  opinion  in  the  year  17d7,  when  in  that  city,  on  a  de^ 
[Nitation  from  Edinburgh  for  effecting  the  repeal  of  the  watch 
tax  act     In  coirob<mUion  of  this,  we  shall  insert   what  has  be^ 


ini  Aq  wf^  ftubji^  by  A  Ve^  einkieAt  Fr^ni^  Mfhof •  ^  rItMs 
ftiboilS^  iM  taHODbtal  qvt^  M  Git  Mote  «ft  Magnb^  tEoiktMi  M  O0A 
iilvi§,  i^  Avofent  tmvaitt  i^  Farid^.  tinbB  le  Cit  Beitlimid)  out  exe* 
^bCM  ^  IIVB,  ittk«  raonM  marine  qui  d  «tt  epreuvftto  AV«e  te  ^ 
^IteilMb^dAiii  Pob0er¥aiinie de Gett«vei  flKiMM^  Brtlmmfm^ 
Ait  7.)  Ds  y  ftni  usftge  d6  Part  de  peioar  IM  rnbib,  iaM^MMmeiit 
(kittt  de  d^tt^Vte  en  Angleterre,  et  quMb  ont  apprit  da  Cit  MaUftit  qui 
aVdtt  tavidi&  k  Londreac  het  Hariay,  posaeasaiii^  de  eel  ait;  to  CHt 
IjOtttl  B^rih6trd  ae  I'eat  aiuai  proettrfi."  Toyesi  FtsMfe  4$^  MMMfi^ 
fufsiJB^  pidr  «/•  £•  Jlfoniiicra.  Xonw  quaMftin^  p»  668*  A.  FMa^  MM 
1802.  Whichf  in  English,  is  this,  ^  We  shall  coadude  by  mentioiijiig^ 
IbU  dt^  cidsens  Mole  and  Magniii»  aitisfai  of  Geneva^  who  had  praotibed 
tft  PUn  wtuk  cnixeii  Beilhotidt  madei  ia  1T9S,  a  nMAind  (Mie^OMpof ) 
iflHtf^  Which  has  been  tried  iik  die  Obaidrvaftory  at  Geneva^  whaM  it 
iJK^  ItetirttetDiy  prooft  of  ito  great  legularilj.  {BSbUo^^  Britim^ 
iSi/us^  Alt  7.)  In  it  Aey  made  use  of  tiie  att  ^  piert^  inbies*  fek^ 
meriy  tairied  fit>m  Oeneva  into  England,  ilfi  which  UkiBy  had  tiean  tattglit 
hfXaAixA  ittallet,  who  hM  Wdriaad  in  London  widi  JTorfey,  «t  fisleii- 
jMt^etdietift.  Citizen  Louis  Bertfaoud  is  also  It  Master  dithfebmaiei 
of  watchrmaUng.  8ed  2%«  fiMory  of  ^MiltteiiMrfieai,  by  J.  £•  Moii* 
tttda,  VoL  iy.  p.  668.  Buis,  May,  i80a.-^fFe  ibieio  HMey  fo  6<  on 
^3tttelfenf  !Aidfter  0/  itifrjf  trylnictert,  fcoatng:  yr^fUMlIfy  empto^  Ma  4ki 

Widi  regtid  to  die  pendulum  dociss  of  B^Agen,  Hasrris,  and  «ven 
^hfiAie  of  buyglhens,  they  all  had  the  old  crown  wheel  and  veijge  'scape* 
tiktott  and  pendulums  of  no  great  lengthy  consequeiAly  dieir  pteoittoft 
of  ttm^-keeping  wto  not  so  greatas  to  aittmct^or  mudh  inteteattha 
attis&tion  ^f  asMnomers  or  of  artists,  unless  in  so  fiur  asihe  lattar  wtre 
(Mfessionully  interested* 

^  Amoftg  them,^  says  Deifaam,  <'  that  tiave  claimed  tk6  meiit  0f 
Ae  inVtootion,  the  great  Galileo  hath  the  most  t6  be  said  on  his  side. 
Dr.  John  Joeicfaim  Becher,  (who  printed  a  book  when  be  was  in  En^ 
kmd,  enttled,  Dt  Jfova  temparis  dimMendi  raHone  TTbeom,  ftc 
alriidih%  dedicaitedto  the  Royal  Society,  auM>  168(H)  he,  I  say,lelB 
to,  ^tUit€oimt  lliagalotd  (die  Great  Duke  of  Toscany's  leaident  at 
A^  Citiperofr's  court)  told  him  the  whole  hi8t<»y  of  Hieae  penduhun 
dlbdft,  and  tteaied  Mr.  SM^chem  to  be  th6  aiafdfor  of  them.  Aiao, 
toA  ohe  1:^^  (clock-mUser  to  Oe  fiilher  of  the  Great  Duke  of 
"nttcafiy)  telated  td  him  die  Ulo  history :  and  said,  moreover,  dnt 
bb  hhd  made  die  'first  pendulum  clock  «t  Florence^  by  <)oaciMnd<of 
die€(reift  Didie,  and  by  die  ^KMdons  of  his  fnalhematidan  €ali>wn 
it}a]fl6(^iatmttett^%Udl>R«0  %ro«^'to  And  *rt[* 
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hi  miOu  dnt  ta»  Ompat  DMt ,  a  fhmiiig,  iiid  mttdMbUiticMii  to 
Mm  PhOip  a  AeJhHikrm  (tt»  hte  ISector  of  M«iitB)«  told  bim 
ihitkeliHl  Mtti  tt  Pngae,  in  4ie  #■»  of  the  Emperor  Rudolplms, 
(who  ireigmd  from  1676  to  UHy)  h  pendidiiin  clock  nMuk  by  tlie 
AnKMv  JvrtiM  Borgen,  tnediaiiic  itod  dock^miker  to  die  Enqwror, 
lAiek  eloek  tfw  greet  Tfoho  Brake  und  in  Ue  eetronMiiical  obeer> 


An  epitoni  ef  thfe  tekbieded  asbtmomer'e  bietoiy  ebaO  be  given, 
ai  it  teiMbt  fi  some  degreoi  to  confrm  due  account  as  given  by  Be- 
^Bff^  DerbtOH  efter  StmuiiiBt  eeye,  "tbat  BiocioM  firet  made  nee  of 
iMiMimie  to  meeeera  time.'*  Thie  eeams  to  be  inooiieet,  as  Galileo 
Imewthe  propartiea  of  tiie  pendulum  wen  bfafore  lUccioB  wee  boni>  See 
JhHuKf  At^lbM  Chehjmaik0n  U»mg  giten  a  Uetorical  delaa 
«f  diefinitpewlidamcleekefitiBleftforlbereaderto  judge  forbimeeH; 
^vho,  it  is  boped«  IriH  also  eaocuea  any  repetitiane  tbat  may  ba?e 
vecutred)  aeiaif  fromcaueee  aUeh  an  nowiae  neceesary  to  be  explain 
all  here* 

tycho  Biahe  having  attained,  by  Us  wtronomieal  kbora,  bo  much 
ImAir  and  fiune,aeto4lraarupoii  bim  (diaiag  tbe  minotity  of  a  young 
j^iiice)  in  envy  of  a  few  ill3>eml  eoartiem  of  Denmark,  wbo  got 
kma  rttnoved  Aem  hie  obtfervatoiy  and  place  of  residence,  wUch  be 
kad  Greeted  on  the  enndl  Maod  of  Haea,  m  order  to  deprive  bim  of 
dm  power  of  pfoeecotiag  bin  obeervaiiooe ;  he  came  then  to  Copenha- 
gen, and  bad  not  been  long  there^  ivheft,  perBoeuted  by  the  name  blind 
maligni^  ka  waa  ordered  by  the  minietor  to  deeiet  fiom  Us  asirono- 
aoical  and  obemieal  parsaits.  it  was  these  circumstances  which  led 
Wm  to  FlN^gQe  in  l^M,  where  Rado^ihasi  who  well  knew  bis  merits, 
patronised  him,  and  gave  him  a  ooaaidenble  pensiodi  and  a  castle,  at 
five  miles  dislanoe,  fer  hmiself  and  ftnoily to  reside  in.  Itmust  have 
been  9X  tiiis  period  iiat  he  used  tbe  pendulum  clock,  said  to  have 
been  made  by  Justus  Boigea.  But  he  did  not  live  long  to  en- 
joy Ihe  genenras  appointment  of  the  Emperor  Rudolpfaust  being 
veiy  suddenly  canned  off  tiy  an  acMte  disrase,  indoced  by  an  over 
tdebcacy  in  a  retention  of  awtor,  in  tha  jaar  1601,  and  in  the  fiffy-^lh 
y^ar  of  his  age. 

Ducrij^ium  qf  Hu^kem^  Clack, 

Hiie  lY.  No.  2i,  ipepMenlsa  view  of  it  in  profile ;  A  Jk,  B  B, 
are  tvre  plates  placed  verficaBy.  They  are  6  inches  in  height,  and 
S  kiches  and  a  half  broad,  and  ooanected  together  by  four  piUars 
ftauMd  at  the  maj^iea.  The  height  of  these  piUars  is  one  moh  and 
«  halt,  Iha  fivotk  oftbe  aibow  <af  the  pwwipal  ateels  run  in  these 
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l^afees.  The  first  triieel  inaiked  C  has  80  teeth,  and  2  inches  and  a 
half  in  diameter;  it  cairies  on  its  aifoor  a  pulley  D,  iriiose  convex 
edge  is  furnished  with  sharp  steel  points,  to  prevent  the  coid  wkkh 
laps  over  it  from  slipping,  and  to  dds  cord  two  weights  are  attached, 
as  shall  afterwards  be  explained.  The  whed  C  then  reeeifes  its 
motion  by  one  of  the  weights,  and  communicates  it  to  die  pinion  £ 
of  8  leaves,  and  consequently  to  the  n^ieel  F  of  48  teeth,  Whidi  has 
the  same  arbor  as  the  }Hnion.  The  wheel  F  drives  the  pinion  6, 
and  the  contrate  wheel  H  on  the  same  aibor  with  6,  having  48  teeth. 
It  is  from  the  last  wheel  that  the  pinion  I  and  the  wheel  K  receive 
their  motion ;  the  pimon  I  is  of  24  leaves,  and  the  wheel  K  16  teedi, 
inclined  as  represented  in  the  figure.  N  Q  and  P  are  two  cocks 
fixed  on  the  pkte  B  B.  The  extremities  P  and  Q  of  the  two  cocks 
cany  the  pivots  ot  the  verge  L  M,  and  the  projecting  part  of  the 
cock  Q  is  pierced  with  two  holes,  one  for  the  traverse  of  the  verge 
L  M,  the  other  which  receives  the  upper  i»vot  ai  the  arbor  of  the 
wheel  K.  The  arbor,  or  verge  L  M,  (which  also  crosses  the  phdie 
B  B,)  carries  the  two  palleto  L  L,  which  must  be  alternately  ndsed, 
in  contrary  directions,  by  the  teeth  of  the  ^^leel  K*  The  part  M 
of  the  verge  L  M,  which  goes  outside  of  the  frame,  cairies  the  fiwk 
8,  between  which  passes  the  rod  Y  Y  of  the  pendulum  Y  X,  sus- 
pended by  means  of  two  threads  between  the  cycloidal  cheeks,  of 
which  T  is  the  profile,  but  seen  moreover  in  perspective  in  No.  y,  both 
show  sufficiently  how  the  ydkoih  is  connected. 

Moreover,  here  is  iiiiat  regards  the  diq[KMntion  and  going  of  Ae 
hands;  g  gis  a  third  plate,  and  parallel  to  the  two  first,  distant  a 
quarter  of  an  inch  firom  the  phite  A  A.  Through  die  centre  of  die 
dial,  traced  on  this  plate,  the  arbor  of  the  wheel  G  is  lengthened  out 
On  the  dial  are  traced  two  concentric  dreles,  one  divided  into  12,.  the 
other  into  60  parts.  On  die  arbor  of  the  wheel  C,  and  outside  of 
the  plate  A  A,  the  canon  or  socket  of  the  wheel  a  is  put  on  spring 
tight,  and  goes  as  far  as  e  through  the  plate  g  g%  and  can  turn  with 
tin  wheel  C,  or,  independent  of  it,  when  thought  proper  to  make  it 
do  so,  it  is  at  the  point  e,  where  the  minute  hand  is  put  With  regard 
to  the  wheel  o,  it  drives  a  wheel  h  of  the  same  number  of  teeth, 
whose  axis  cairies  a  pinion  of  6  leaves,  one  of  its  pivots  run  m  the  frfate 
A  A,  the  other  in  the  cock  c,  screwed  on  to  the  plate  A  A. 

Lasdy,  this  last  pinion  leads  the  wheel  li  of  72  teedi,  whose  socket 
goes  on  that  of  die  wheel  a,  coming  below  e,  and  passes  like. it 
through  the  plate gg;  the  end  of  this  socket  carries  the  hour  hand, 
which  is  a  litde  Sorter  than  the  minute  hand.  Widi  regard  to  die 
seconds,  to  avoid  confusion,  die  arbor  of  die  wheel  H,  vitia^  is  |Hro> 
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faaged  as  ftr  as  the  phle  g  g^  cairiM  a  dial  //  dhided  into  60  parts, 
wUeh  tuna  in  the  same  time  aa  the  wheel  H,  and  an  index  g  fixed 
to  the  upper  part  of  the  opening  made  on  the  plate  gg,  markathe  ae- 
oooda*  acconhng  aa  the  diviMona  paas* 

It  shall  now  be  diown,  in  what  way  the  going  wei|^  was  applied 
by  Huy^ienfly  ao  aa  to  keep  the  clodE  going  dunug  the  time  of  wind- 
iog  upt  a  contrivance,  BtLjB  he«  hitherto  not  tfaouf^  of,  and  which  de- 
aerved  some  oonaideiation.  The  cord  wbkih  ia  uaed  here  ia  continued, 
that  is,  ilB  ends  are  joined  together,  and  hence  it  may  be  called 
an  endless  eonL  It  is  first  paased  over  the  pulley  D,  attached  to  the 
great  wheel  C,  (or  ita  represenlMive  A,  No.  22,)  fimn  whence  it  comes 
down,  and  takea  in  the  pulley  d,  (of  the  main  wei^^t  P)  passing  un» 
der  it  and  earned  upwards,  it  posses  over  and  takes  in  the  ratchet 
pulley  H,  which  turns  on  a  stud,  fixed  to  the  inside  of  the  back  plate 
of  the  dock  finme.  Fromthis  pulleythe  cord  comes  down,  andgoes 
under  the  pulley  /,  iriiich  cairies  the  counter  weight  p,  in  order  to 
prevent  the  main  weight  P  fitun  descending,  (otherwise,  than  when 
making  the  pulley  D,  and  the  great  wheel  C  to  turn,)  and  lasdy,  firom 
ike  pulley  f^  die  cord  returns  to  the  first  pulley  A  or  D.  The  ratoh- 
et  pulley  H,  like  D  has  jagged  steel  points  inserted  in  the  bottom  of 
file  groove,  besides  having  a  dick  and  spring  to  prevent  its  turning 
badcward;  and  can  only  turn  one  way,  by  pulling  down  the  cord  at 
m,  when  it  is  wanted  to  raise  up  the  main  wei^t  P.  It  is  dear  by 
tiua  way,  that  the  main  wejf^t  P,  exerts  only  half  of  its  force  to  turn 
thevdied  work,  and  tUseflbrt  is  not  subtended  during  the  time  that 
die  going  wei|^  is  brouf^t  up.  This,  we  may  observe,  is  the  first 
application  of  a  going  work  hi  time  of  winding.  See  Horhgium 
OmfOkdormm.  Parii,  1678,  p.  &  Or  JEKiiotre  dc  la  Mimtre  dm 
Tmp$  par  k$  H&rkge$^  par  Fardimmd  Barlkaad,  Tome  premier. 
A  PariB^  An  X.  (1809  V.  8.) 

In  some  of  the  dd  Dutch  striking  clocks  of  30  hours  going,  an 
endless  cord  went  over,  not  only  the  pulley  of  the  going  part,  but  also 
over  that  of  the  striking  part,  and  one  weight  served  for  both ;  the 
uriading  up  was,  by  pulling  down  the  cord  fipom  the  striking  side, 
the  pulley  on  the  great  wheel  there  having  a  circular  sted  step  spring, 
the  step  butted  against  the  crosses  of  the  wheel,  when  the  force  of  die 
weight  was  applied,  but  passed  them  fiedy  when  winding  up. 

Notwithstanding  the  application  of  the  pendulum,  and  the  inge- 
nious contrivance  of  cycloidd  cheeks  by  Huyghens,  in  order  to  make 
the  long  and  short  vibrations  be  performed  in  nearly  as  equal  times 
as  possible ;  yet  these  clocks  did  not  keep  time  widi  that  correctness 
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vma  eqpaetad.  This  aroio  from  tto  great  tHeiit  of  4o  am 
of  vibniAiofit  Ae  lij^itnew  of  the  penduhim  ballt  the  gieal  dmimm 
which  the  clock  had  overtbe  pendidiuiii  end  tfaebod  effects  pnxhioed 
by  the  cycloidal  cheeks*  which,  however  excelleat  in  theory,  weie  nefer 
finuMJ  uAofiil  in  {nnetice. 

This  led  artista  and  amateurs  of  the  proAwon  to  think  of  fiuther 
means  of  improvement  Aeeordinglyt  ebout  the  year  ICiSO,  i^  clock 
was  made  by  W.  Clement,  a  dock-maker  in  London,  having*  in  fJaoo 
of  the  crown  wheel  and  verge  'scapement,  a  'scapement  wUcb  wae 
neariy  the  same  as  the  common  leeoiUng  one  of  the  present  day»  The 
swing  «4ieel  8  W,  Plate  IT.  No.  23,  was  flat,  having  a  sort  of  valahel  or 
saw-like  teeth,  and  the  pallets  PF,had  a  remote  resemblance  to  the  heed 
of  an  anchor,  by  which  it  acquired  at  that  time  the  name  of  the  anchor 
^9eapenenL  The  ball  <^  the  pendidum  wfi  made  nmdi  heavier  than 
what  iCbrmerly  had  beoi  used,  the  arc  of  vibration  mueh  shorter,  and 
the  motive  force  much  less.  From  the  exceUent  thne-keepiflg  of  the 
dock,  this  was  Commd  to  be  a  gnbat  improvementi  and  hence  due  'sfape 
ment  was  afterwards  generally  adopted.  It  passed  into  Holland^  Oei^ 
many,  but  was  hardly  known  in  Fmnoe  until  the  year  )696»  See 
IKdmrt  delaMdam^  d»  Temp$9  torn.  i.  p.  100. 

At  the  time  this  dockof  CSemenfs  appeend.  Dr.  Heoke  daimed 
the  inventnn  of  it  as  his,  and  affinned,  that  after  the  peat  fire  ef 
I^ndon  in  1666,  be  had  shown  lo  Ae  Boyal  SoeJety,  a  doek  witk 
this  very  ^seapement  ^Considering,^  saysSully  in  hie  Si»Mr$dm 
fcftcffmnens,  ^  the  genius,  and  the  great  number  of  fine  discoveriee 
of  dus  excellent  mas,  I  see  no  room  to  doubt  that  he  was  the  first  bh 
venter  of  it.^'  The  penduhmi  with  this  'eciqpement  had  seoeived  the 
name  of  the  Boyal  Penduiion. 

Aebeit  Hooke  came  to  Oxford  as  a  poor  scholar,  and  hiou|^ 
with  him  a  number  of  mechanical  nick-nacks,  which  he  had  made  at 
home.  His  mediamcal  gonus  soon  made  him  known  to  tte  members 
of  the  Invisible  Society  them,  who  emplojted  him  to  work  fi>r  tbem» 
making  af^paratus  for  their  experiments.  Dr,  Ward,  afteiwai;^ 
Bishop  of  Salisbury,  took  a  l&iag  for  him,  and  instacted  him  in 
mathematics  and  astronomy.  He  urged  him  lo  tiy  ins  meehsnieil 
genius  in  contriving  a  'scapement  for  a  pendulum.  It  would  appear 
that  they  found  that  the  'seapement  for  a  habnce,  vhich  had  kmg 
been  in  use,  did  not  answer,  probably  because  it  required  very  wide 
vibrations,  wtuch  were  found  to  be  not  so  equable  as  required;  and 
Hooke  inveated  this  some  timebefom  February  1656;  fiMrlbere  ase 
observattouB  of  a  solar  edipse  made  in  that  month,  at  Oxfovd,  by  a 
pendulum  dock. 
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Hookers  ftther  was  a  watch-maker  at  Bayeswater,  in  ihe  Isle  of 
Wi|^tt  wbere  he  had  probably  been  taught  to  work.  The  contrivances 
and  iBventiens  of  Hooke  are  numerous,  and  all  of  them  very  ingenious* 
A  catalogue  of  them  has  been  selected  from  his  works  and  others* 
by  the  late  Professor  Robison,  who  was  a  great  admirer  of  his  inge- 
nuity>  and  is  inserted  in  the  Supplement  to  the  third  edition  of  the  Ency- 
cIop«Bdia  Britaonica,  under  the  artieU  Dr.  Robert  Hooke.  His 
reaeaidies  were  much  the  same  as  those  afterwards  pursued  by  the 
munortal  Newton,  whose  prototype  he  seems  to  have  been.  He  also 
proposed  to  make  a  clock  to  register  the  changes  in  the  barometer. 
Camraing  may  have  taken  up  this  idea  of  Hooke's,  having  made  a 
baronetrical  clock  for  his  late  Majesty  King  George  the  Third  ;  though 
this  is  not  mentioned  in  the  Supplement,  yet  it  is  said  to  be  one  of 
Hooke's  inveiitwns,  as  staled  in  the  Ph>fb8sor's  manuscript  Catalogue 
^tfaem,  in  our  possession. 

Dr.  Hooke's  claim  to  the  merit  of  ihe  invention  of  the  anchor  pal- 
let 'scapement,  appears  to  be  completely  confirmed  by  the  silence  of 
Soutk  in  his    Borologietd   DUquitiHonSj   which   were  published   not 
▼ery  long  afterwards,  who  then,  and  who  is  die  onhj  one  that  has 
mentioned  several  improvements  applied  to  a  clock  made  by  CUmenlf 
Iwt  takes  no  notice  of  the  anchor  pallets,  a  thing  at  that  time  (1680) 
flo  new,  and  whkh,  fitun  their  veiy  constmction  or  figure,  could  not  be 
used  without  adopting  the  consequences  to  which  they  would  naturally 
lead,  viz.  the  pendulum  rod  to  be  longer,  the  baO  much  heavier  than 
what  was  used  before,  the  swing  to  be  shorter,  and  the  moving  power 
muoh   less.    Mr.  Smith   must  have  known  that  the   anchor  pallets 
were  iho  contrivance  of  Dr.  Hooke,  otherwise  he  would  have  described 
diem,  being  the  panegyrist  of  Clementj  and,  as  a  clock-maker,  very 
capable  of  doing  so,  knowing  well  it  was  on  them  the  whole  improvo- 
ment  hinged.    The  following  is  an  extract  from  his  little  book :  **At 
length,  in  Holland,  an  ingenious  and  learned  gentleman,  Mr.  Chris- 
tian Hngeos  by  name,  found  out  the  way  to  regulate  the  uncertainty 
of  its  motion,  (that  of  a  clock,)  by  the  vibration  ^f  a  pendulum.     From 
Holland,  the  fame  of  the  invention  soon  passed  over  into   England, 
where  several  emin^it  and  ingenious  workmen  applied  themselves  to 
rectify  some  defects  which  as  yet  were  found  therein  ;  among  which 
that  eminent  and  well-known  artist,   Mr.   WUUam  Clement.,   had   at 
last  the  good  fortune  to  give  it  the  finishing  stroke,  he  being  ihe  real 
ecmtriver  of  that  curious  kind  of  long  pendulum,  which  is  at  this  day 
so  universally  in  use  among  us  ;  an  invention  that  exceeds  all  others 
yet  known  as  to  the  exactness  and  steadiness  of  its  motion,  which 
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proceeda  firom  two  properties  pecudkur  to  this  pendulum ;  the  one  10 
the  weightiness  of  its  bob,  and  the  other  the  little  compass  in  which 
it  plajB :  The  first  of  these  makes  it  less  ^t  to  be  commanded  by  the 
accidental  differences  of  strength  that  may  sometimes  happen  in  the 
draught  of  the  wheels ;  and  the  other  renders  the  vihrationB  more 
eq&ial  and  exact,  as  not  being  capable  of  alt^ing  so  much  in  the  <fii^ 
tance  of  the  swing  as  the  other  kind  of  pendulums  are*  which  fetch  a 
larger,  and,  by  consequence,  a  less  constant  compass." 

Lepaute  is  also  of  Sully's  opinion,  and  thought  that  Dr.  Hooke 
had  the  best  title  to  the  merit  of  the  invention.  That  he  invenled  the  an- 
chor pallets  must  now  appear  unquestionable ;  and  there  can  be  litde  en 
no  doubt  that  he  applied  the  long  pendulum  rod,  and  heavy  ball*  niMMe 
short  arcs  required  but  a  small  force  to  keep  them  up. 

C^Miicn^,  being  an  ingenious  dock-maker,  may  have  been  (of  his  pro* 
fesaon)  the  first  who  made  and  sent  a  clock  of  this  description  abroad 
to  the  public  :  this  was  about  fourteen  years  after  Dr.  Hodke  had  riiown 
his  to  the  Royal  Society.  It  is  singular  that  neither  Smith  nor  Derfaara, 
who  were  cotemporary  with  Clement,  take  the  least  notice  of  the  pal* 
lets  which  were  at  his  clock ;  mentioning  the  collateral  circumstances 
only. 

The  dead  beai  'scapement  of  Graham's  next  succeeded,  which  was  in- 
vented  some  time  before  the  beginning  of  the  eighteenth  century ;  the 
principle  of  it  in  the  horizontal  watch  was  adopted  in  the  pallets  of  a  clock 
'scapement,  which  has  continued  to  be  the  one  generally  used  in  reguhp 
tors  or  astronomical  clocks,  with  a  very  few  exceptions. 

About  ten  or  fifteen  years  afterwards,  it  came  to  be  known  in 
France,  where  it  was  adopted  as  the  best  fcnr  clocks  intended  to 
measure  time  accmately.  Lepauie,  a  very  ingenious  watch-maker  in 
Fans,  produced,  about  the  year  1753,  or  some  time  thereabout,  a 
^scupement  founded  on  that  of  Graham's  dead  heat  one.  In  Le* 
paute's,  the  rest  of  the  teeth  on  the  pallets  was  always  with  the 
same  effect,  because  it  was  on  the  same  circle,  whichsoever  of  the  pal> 
lets  it  rested  i;q>on ;  and  the  impulse  was  always  the  same  on  whick-^ 
soever  pallet  it  was  given,  the  fianches  of  the  pallets  being  phmes 
equally  inclined,  or  having  the  same  angle.  This  was,  no  doubt,  some 
improvement  on  Grahatnfs}  but  the  teeth  of  the  swing  yAntA  in  Le^ 
paute's  consisted  of  sixty  small  steel  pins,  thirty  being  ananged  on 
each  side  of  the  rim  of  the  wheel ;  and  where  pin  teeth  are  used,  oil, 
which  is  in  some  degree  necessary,  cannot  easily  be  kept  on  them,  the 
attraction  of  the  rim  of  the  wheel  constantly  draining  the  oil  firom 
these  pin  sort  of  teeth,  an  evil  which  is  perhaps  not  easdy  to  be  got 
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Ike  batter  oC  onI«8   by  using  stime  palleta  and  bard  tempered  steel 


Deaenptiatk  of  Lepmd^t  SeapemmL  (Plate  T.  No.  27.) 

On  an  aibor  F*  or  wbot  is  called  the  verge  in  a  clock,  are  fixed  two 
pallet  arms,  of  sudi  a  shape  as  represented  in  the  figure ;  the  arm 
6  A  e  is  behind  the  swing  wheel,  the  other,  H  B  d,  is  on  the  oppo» 
site  side,  and  the  acting  parts  are  at  such  a  distance  firom  each  other 
as  just  to  allow  afwoper  freedom  for  the  plane  of  the  wheel.to  pass 
between  them  ;  the  arm  6  A  must  be  filed  away  at  O,  so  aato  clear 
the  tops  of  the  pin  teeth  on  that  side  of  the  v^eel :  one  of  the  anps 
IS  liveied  fast  to  the  socket  which  connects  them  with  the  aibor,  te 
other  must  be  allowed  to  turn  about,  (though  with  difficuhj,)  soas 
the  pallet  flanches  can  be  ctot  or  made  to  any  angle  requiied.  Hm 
parts  A  I,  L  S,  of  the  pattets,  are  arcs  of  a  circle,  whose  centre  is  at 
F,  Mid  in  the  same  plane  with  that  of  the  wheel  teeth,  it  is  on  diem 
that  they  rest  duiing  a  part  ai  die  times  of  ascending  and  desoending 
cf  the  pendulum ;  the  acting  parts  are  the  inclined  planes  I  e,  L  d^ 
by  means  of  which  the  teeth  of  the  wheel  give  impube  to  the  pendu* 
lum.  The  white  pins  x  y,  are  on  this  side  of  the  whed :  the  pins 
M  n,  are  on  the  ofiier  side,  placed  ahemately  with  each  other :  There 
are  three  &int  traces  of  circles  drawn  on  die  rim  of  the  wheel,  for  i^a 
purpose  of  arranging  the  pin  teeth  properly ;  the  acting  part  of  the 
white  teedi  are  on  the  inside  of  die  middle  circle,  that  of  the  daricer 
teeth  are  oa  the  outside;  by  this  way  the  impulses  are  given  quite 
equal  by  all  die  teeth,in  so  fares  regards  their  efiecton  the  pendu- 
lum, and  the  efiect  during  the  time  of  rest  may  be  said  to  be  the 
same ;  die  teedi  have  one  half  of  dieir  diameter  or  thickness  taken 
away,  so  as  to  allow  the  pallets  to  get  clear  more  instandy  at  the  tune 
of  dropping  from  them,  than  they  could  otherwise  do,  were  the  pin 
teeth  left  wholly  round. 

The  wheel  tuining  from  u  towards  x^  by  the  force  of  the  going 
weight,  the  teedi  on  this  side  of  the  wheel  meet  die  inclined  plane 
L  d,  and  pushes  it  towards  B ;  by  this  die  pallet  6  A  «,  which  is  on 
the  opposite  side  of  the  wheel,  advances  under  die  next  coming  on 
toodi  «;  at  this  time  the  point  v  having  escaped  from  the  point  d, 
and  the  pallet  arm  O  A  continuing  to  go  on  that  side,  by  the  impul- 
sion given  to  it  by  die  pendulum,  while  die  toodi «  is  on  die  concave 
ciicukr  part  R,  which  is  die  arc  of  rest  The  pallet  arms  being 
brought  back  towards  die  side  A,  by  die  descending  oscillation  of  die 
'pendulum,  die  pin  m  which  rubbed  on  die  arc  R I  during'the  time  of 
rest,   immediately  meets  the  inclined  plane  I  e,  on  which  it  acts  as 
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the  tooth  V  did  on  the  plane  L  d,  but  in  a  contraij  directioo,  io 
pushing  the  pallet  arms  from  e  towards  A,  until  the  foHowing  or  next 
tooth  finds  itself  on  the  constant  arc  L  S,  to  re-descend  from  it  upoa 
the  inclined  plane  L  d,  and  so  on.  It  may  be  remarked,  ^t  60  teeth 
in  the  swing  wheel  are  necessary  in  this  'scapement,  whereas,  In  ordi- 
nary 'scapements,  half  of  this  number  serves  the  same  purpose,  which 
is  obvious,  because  in  the  ordinary  way  each  tooth  gives  impulse  to 
the  pendulum  on  both  sides :  but  in  this  of  Lepaute's^  30  teeth  give 
impulse  only  to  the  pendulum  on  one  sidot  and  30  to  the  other  sidew 

Notwithstanding  the  seeming  supeiioiity  and  great  chaaacter  which 
the  dead  beat  'scapement  had  long  acquired  over  that  of  the  rteoHiiig 
one»  represented  Plate  lY.  No.  26,  this  last,  however,  had  its  partizans, 
and  among  them  were  artists  and  amateurs  possesed  of  first-rate  ta^ 
lents:  Professor  Ludlam  of  Cambridge,  Berthoud,  Smeaton,  and 
others*  Harrison,  indeed,  always  rejected  the  dead  beat  'scapement 
with  a  sort  of  indignation.  The  author  of  the  Elements  of  Clock 
and  Watch-making  has  said  a  great  deal  in  favor  of  the  dead  beat, 
and  as  much  against  the  recoiling  'scapement,  without  having  shown 
in  what  the  difference  consisted,  or  what  was  the  cause  of  the  good 
pioperties  in  the  one,  or  what  were  the  defects  in  the  other.  It  ap- 
pears doubtful  if  these  causes  were  known  to  him ;  indeed,  from  his 
b^k,  it  may  fiiirly  be  presumed  that  they  were  not,  at  least  at  the 
time  it  was  written ;  yet  he  was  deservedly  allowed  to  be  a  man  of 
great  talent  in  eveiy  respect,  and  of  considerable  genius.  When 
pallets  are  intended  to  give  a  small  recoil,  their  form,  if  prq>erly  made, 
difiers  very  little  from  those  made  for  the  dead  beat,  as  may  be  seen 
by  the  dotted  curve  lines  on  the  dead  beat  pallets  m  No.  26.  The 
circular  parts  of  the  dead  beat  pallets  are  drawn  from  their  centre  of 
motion  «,  those  for  recoiling  pallets  are  drawn  fit>m  points  eccentric  to 
that  of  (hdr  motion. 

We  shall  endeavor  to  point  out  the  properties  and  defects  natu- 
rally inherent  in  each : — ^When  the  teeth  of  the  swing  wheel,  in  the 
recoiling  'scapement,  drop  or  fall  on  either  of  the  pallets,  the  pallets, 
firom  their  form,  make  all  the  wheels  have  a  retrograde  motion,  oppos- 
ing, at  the  same  time,  the  pendulum  in  its  ascent,  and  the  descent 
from  the  same  cause  being  equally  promoted.  This  recoil  or  retro- 
grade motion  of  the  wheels,  which  is  imposed  on  them  by  the  re-ac- 
tion of  the  pendulum,  is  sometimes  nearly  a  third,  sometimes  nearly 
a  half  or  more,  of  the  step  previously  advanced  by  the  movement. 
This  is  perhaps  the  greatest  or  the  only  defect  that  can  properiy  be 
imputed  to  the  recoiling  'scapement,  and  is  the  cause  of  the  greater 
wearing  in  the  holes,  pivots,  and  pinions,  than  that  which  takes  plape 
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ma  dock  or  walch,  having  die  dead  beat  or  cylindrical  'scapement; 
but  diis  defect  maj  pardj  be  removed  by  making  the  recoil  smaU,  or  a 
lilde  more  than  merely  a  dead  beat  After  a  recoiling  clock  baa 
been  brought  to  time,  any  additional  motive  force  that  is  put  to  it  will 
not  greatly  increase  the  arc  of  vibmtion,  yet  the  clock  will  be  found 
to  go  considerably  faster ;  and,  it  is  known,  that  where  the  arc  of  v^ 
bration  is  a  veiy  small  matter  increased,  the  clock  ought  to  go  slower, 
as  would  be  the  case,  in  8<Hne  small  degree,  even  with  the  isolated 
and  iknpU  pemduhtm.  The  form  of  the  recoffing  pallets  tends  to  ac- 
celerate and  multiply  the  number  of  vibrations  according  to  the  increase 
of  die  motive  force  impressed  upon  diem,  and  hence  the  clock  will  gain 
on  the  time  to  which  it  was  before  regulated.  Professor  Ludlam,  who 
had  four  clocks  in  his  house,  three  <^  them  with  the  dead  beat,  and  the 
odier  with  a  recoil,  said,  ^  that  none  of  them  kept  time,  fair  or  foul, 
Uke  the  last:  this  kind  of 'scapement  guages  the  pendulum,  the  dead 
beat  leaves  it  at  liberty."  Were  it  necessaiy,  many  incontestible  proofe 
could  be  adduced  of  the  excellent  peiformance  of  clocks  which  have  the 
recoiling  'scapement 

Let  us  now  make  a  similar  comparative  trial  with  the  dead  beat 
'scapement    An  additional  modve  force  being  put  to  it,  we  find  that 
the  arc  of  vibration  is  considerably  increased,  and  the  clock  in  conse- 
quence of  this  goes  very  slow.    There  are  two  causes  which  produce 
this:   the  one  is,  the  greater  pressure  by  the  swing  wheel  teeth  on 
the  circular  part  of  the  pallets  during  the  time  of  rest ;  the  other  is, 
the  increase  of  the  arc  of  vibration.     It  was  observed  in  the  case  cf 
recoil,  that  an  additional  motive  force  made  the  clock  go  fast;  and 
the  same  cause  is  found  to  make  the  clock,  having  the  dead  beat,  to 
go  slow.    As  the  causes  are  the  same,  and  yet  produce  effecia  diame- 
trically opposite,  does  not  this  evidently  point  out  what  is  necessary 
to  be  done  1    The  pallets  should  be  so  formed,  as  to  have  very  little 
of  a  recofl,  and  as  litde  of  the  dead  beat ;  and  here  any  small  varia- 
tion of  the  motive  force,  or  in  the  arc  of  vibration,  will  produce  no 
sensible  deviation  fiom  its  settled  rate  of  time-keeping.      Pallets  of 
this    descripdcm  were  early  proposed  by  our   ingenious    cotintiyman 
Sii%,  afier  having  seen  the  inutility  of  Huyghen's  cycloidal  cheeks. 
See  his  JSuUnre  de$  E§ehappimen8,    We  are  informed  that  a  clock 
was  given  by  the  late  Mr.  Thomas  Grignion,  to  the  Society  for  the 
Encouragement  of  Arts,  Manufactures,  &c.,  **  which  had  a  dead  beat 
'scapement,  so  constructed  or  drawn  off,   that  any  diminution  or  ad- 
dition of  motive  f<Mve,  would  not  alter  the  time-keeping  of  the  clock." 
All  the  'scapements  of  this  kind   which    have  been   hitherto   made, 
were  commonly  drawn  off  nearly  in  the  same  way  as  Mr.  Grignion's^ 
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thai  iflf  the  dmtaoce  betwe«n  the  oeotre  of  the  palkte  and  the  otolie 
of  the  swiqg  wheelt  ia  equal  to  one  [diameter  of  the  wheelt  taken  os 
the  line  which  joina  theae  oentrea ;  and  the  acting  paita  of  the  pel- 
lets  is  a  tangent  taken  from  the  centre  of  the  paUeta  to  the  niioelt 
taking  til  ten  teetht  and  'seizing  on  Ae  deventh;  Aia  m  neaily  the 
aame  as  rapceaented  in  Plato  II«  of  Me.  Gunming'a  book.  Theon* 
\y  d^erenceisy  that  Mn  Grigmcm'a  circle  of  rest  is  the  aame  on  each 
pallet;  but  whetfaar  it  poaaesaea tiie  properties  whidi have  been  aaerib* 
ed  to  it,  ahaU  be  left  to  thedetennination  of  thoae  who  may  chooae  to 
try  this  experiment  with  4t  The  circle  for  the  time  of  rest  being  the 
same,  then  the  flanches  shoidd  be  made  to  give  the  an^^  alike  on  both 
aides :  we  suppose  this  to  have  been  Graham's  way  of  it 

Notwithstanding  what  has  been  said  respecting  the  giving  isodlio- 
nal  curves  to  the  pallets  of  a  dock,  it  appears  doubtful  if  audi  a 
curve  can  possibly  be  given  them,  that  shall  make  the  long  and  ahoit 
vibrations  of  the  pendulum.be  all  performed  in  the  same  time.  Even 
in  the  best  esEecuted  dock,  whose  'scapement  is  equally  so,  having 
thesame  motive  force  constant,  the  arc  of  vibration  will  beseen  in  a 
stato  of  continual  change;  and  where  this  arc  is  not  constant,  there 
willbe  a  small  dififerenoe  in  the  time-keeping,  that  is  to  say,  if  nicdy 
observed.  With  the  spring  pellet  'scapement,  whose  motive  force 
may  be  said  to  be  very  constant  and  uniform,  yet  the  vibrations  of 
the  pendulum  with  it,  will  be  found  to  have  changes  in  a  saudi  de- 
gree. At  all  events,  if  the  semi-angle  of  a  dead  beat  'scapement,  is 
equal  to  one  degree,  and  that  of  the  additional,  or  arc  <^  supplement 
as  it  may  be  called,  is  half  a  degree  more,  this  should  be  more  than  suf- 
ficient to  make  the  penddum  to  escape  even  in  the  worst  stato  of  the 
oiL  Pallets  having  so  short  a  line  of  curve  as  this,  must  be  of  little  or 
no  consideration  in  regard  to  their  possessing  isochronal  properties. 

Clock-makers  in  general  have  an  idea  that  in  a  'sci^>ement,  thepd* 
lets  ought  to  take  in  seven,  nine,  or  deven  teeth,  thinking  that  an  even 
number  could  not  answer.  This  opinion  seems  to  have  arisen  (as 
has  been  beforementioned)  from  the  old  crown  wheel  having  dways 
an  odd  number  of  teeth,  because  an  even  numbw  could  not  have  been 
so  fit  for  it ;  there  seems  to  be  no  rdes  (as  wme  haoe  imagintd) 
necessarily  prescribed  for  drawing  off  either  the  recoiling  or  the  dead 
beat  'scapement,  for  any  particular  distance  wbkh  the  centre  of  the 
pallets  ou^t  to  have  from  that  of  the  swing  wheel.  The  nearer  that 
the  centres  of  the  swing  whed  and  pallets  are,  the  less  will  be  the 
number  of  toeth  required  to  be  taken  in  by  the  pallets,  when  a  tangent 
to  them  is  drawn  to  the  whed. 

It  is  very  obvious,  that  when  the  arms  of  the  pallets  are  long,  the 
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laflitftiF^  of  the  motive  foioo  on  the  penddimi  wiU  be  gveat;  and 
ffiM  vene*  thai  u>  when  the  peUet  anus  aie  diort,  the  inAaeoee  of 
the  modve  force  will  be  less,  but  the  angle  of  the  'acapement  will 
natumlly  be  greater  than  amy  be  required ;  but  this  ean  be  easily  re- 
aaedied  by  makiag  the  fianchea  so  as  to  give  any  angle  reqfdred. 
In  ordinaiy  deekst  when  thb  angle  is  not  quite  half  a  degree  on  eaeh 
aide*  a  veiy  sbmU  motive  force  will  keep  a  veiy  heavy  pendulum  in 
■aetioa.  We  have  known  a  veiy  good  clock-maker,  iriio  thoi^bt 
that  the  flanch  of  a  pallet  was  an  aibitraiyor  fixed  pont,  which  could 
be  made  only  m  one  way,  and  it  was  aoBM  little  irinle  before  he  could 
be  eouvinced  of  the  eontiary.  The  fianchea  nmy  be  made  so  long 
as  to  act  something  like  detents,  se  as  to  stop  file  wheel  altogefim' 
by  the  teefii,  or  they  may  be  made  ae  short  as  to  aUow  the  wheel 
teefii  to  paas  them  altogether  without  even  giving  impulse  to  theou 
Itistfue  there  would  be  no  'scapement  here;  only  it  shows  fimt  the 
flanfhes  of  fiie  palleta  may  be  made  to  give  any  ang^  of  "iKapemenl, 
fipom  a  few  nuantes  of  adegree  to  two  or  three  degrees.  Whatever 
the  ang^  of  the  fianchea  may  be  taken  at,  all  that  is  requisite  is  to 
make  the  wheel  'scape  so*  that  the  tooth,  when  it  drops  on  file  pallet, 
shall  fall  just  beyond  die  comer  of  the  fianch,  and  in  on  the  dreular 
part  of  the  dead  beat  pallet ;  this  rule  will  equally  serve  where  a  mo- 
derate recoil  is  intended.  The  oommoB  recoilmg  pallete  may  be  made 
in  vaiious  ways,  accordiqg  to  the  fiuacy  of  the  maker.  At  TliiK  M, 
the  dead  beat  'acapement  is  repreeented :  fiie  wheel  has  tm  teeft, 
taken  in  by  the  palleta,  one  of  which  ie  seen  to  have  dropped  olT  &om 
the  dnving  pallet,  and  anofiiee,  at  fins  instant,  to  have  got  in  on  the 
eircuhur  part  of  the  leading  pallet,  wfaeie  it  reste  duiii^  the  time  of 
the  vibration,  at  the  end  of  it,  fiie  toofii  wiU  have  got  finfiier  in  on 
the  ciiouhr  part ;  when  retuniing,  it  goto  on  the  fianched  part  of  the 
pallet,  and  gives  new  impulse  to  the  pendidum,  and  so  on.  By  makmg 
the  palleta  to  agicee  with  die  dotted  curve  lines,  in  place  of  having  a 
dead  beat,  they  will  make  a  small  recoil.  The  arms  of  the  pallets  aie 
not  quite  so  long  as  in  Gkaham'a  miginal  dead  beat  'acapement,  yet  they 
might  with  advantage  be  a  little  ahorler,  in  order  that  the  inSuenoe  of 
the  motive  £»ce  on  the  pendulum  may  be  lessened.  Probably  CrrahamPa 
reason  for  haviag  sudi  long  arms  to  bis  pallets,  was  to  show  the  superi- 
ontyof  hia  'acapement  over  that  of  the  recoiling  one,  by  the  very  heavy 
pendulums  he  put  to  his  clocks,  and  moved  by  a  very  li|^  wei^ ; 
many  of  his  regulators  weat  a  month,  and  even  to  these  he  put  heavy 
pendulums. 

In  the  Journal  of  Science,  literature,  and  the  Arts,  published  bgr 
Mr.  John  IKway,  London,  in  fiie  Numbera  XXTIU  and  XXXI, 
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for  Januaiy  aod  October,  1823,  there  is  an  account  ordeacrqitkm  of 
a  veiy  neat  and  ingenious  mode  of  fitting  up  a  dead  beat  'scafie- 
ment  for  a  clock,  given  by  Mr.  Yulliamy,  clock-maker  to  the  King. 

Harrison's  clock  pallets  (which  are  sometimes  made  to  act  by  means 
of  veiy  delicate  springs,  and  sometimes  by  their  own  gravity)  have  a 
very  considerable  recoil ;  they  certainly  were  a  most  ingenious  contri- 
vance to  supersede  the  necessity  of  having  oil  put  to  them.  Their  con- 
struction seems  to  be  but  little  known,  and  they  have  very  rarely  been 
adopted  in  practice.  Indeed  it  is  a  'scapement  of  such  a  nature,  that 
very  few  would  be  competent  to  execute  it  property.  The  circunutanoes 
which  led  to  the  invention  of  it,  were  mentioaed  by  Mr.  Harrison 
himself  to  Professor  Bobison.  ^  Having  been  sent  for  to  look  at  a 
turret  clock,  which  had  stopt,  he  went  to  it,  though  it  was  at  a  consi- 
derable distance  from  his  home,  and  found  that  the  pallets  were  very 
much  in  want  of  oil,  which  he  then  applied  to  them.  On  his  retum- 
ing,.and  ruminating  by  the  way  on  the  indifiiBrent  sort  of  treatment 
which  he  thought  he  had  met  with,  afler  having  come  so  &r,  he  set 
himself  to  work  to  contrive  such  a  'scapement  as  should  not  give  to 
others  that  trouble  to  which  he  had  been  put,  in  consequence  of  tlua 
turret  clock."  Hence  the  origin  of  his  pallets.  A  drawing  and  de- 
scription of  them  shall  be  given  in  the  course  of  this  work. 

We  have  been  informed  that  a  scapement  somewhat  of  the  same 
nature  as  this  of  Harrison's  was  contrived  by  Mudge,  with  this  diS- 
lerence  of  its  being  a  dead  beat  one. 

The  justly  celebrated  Mudge,  in  a  small  tract  published  in  Jwie 
1763,  relative  to  the  best  means  of  improving  marine  time-keepers, 
suggested,  as  a  great  advantage,  that  of  making  the  moving  power 
bend  up  at  eveiy  vibmtion  of  the  balance,  a  small  spring  whose  re- 
turning force  should  be  exerted  in  mttiptninmg  the  motion  of  the 
balance.  See  Plate  YI.  No.  32,  and  33,  and  this  is  the  same  principle 
which  some  years  aflerwardshe  adopted  and  practised  in  those  time- 
keepers winch  he  made. 

About  two  or  three  years  aAer  the  publication  of  this  tract,  Mr. 
Cumming  contrived  a  clock  'scapement  nearly  on  the  same  principle 
as  that  of  Mudge's,  where  the  moti<m  of  the  pendulum  was  maintain- 
ed by  the  force  of  gravity  from  two  small  balls,  which  acted  upon  it 
during  the  time  of  the  descent  In  this  'scapement  the  centre  of  mo- 
tion of  the  pallets  is  independent  of  that  of  the  pendulum  and  verge, 
althougli  concentric  with  them ;  two  detents  were  applied  for  locking 
the  swing  wheel  teeth,  one  for  each  pallet ;  from  each  of  the  pallet 
arbors,  a  wire  projected  in  a  horizontal  position,  and  on  the  ends  of 
these  wires  the  balls  were  fixed,  which  were  alternately  raised  up  at 


MtTDQB's    DCTAGHCD   'SCAnilKltT.  199 

^ery  TibraiioD  of  the  pendulum,  bj  means  of  4ie  action  of  the  swing 
wheel  teeth  on  the  pMAllets.  In  a  periodical  phflosophical  journal,  it 
b  insinuated  that  Mudge  had  borrowed  die  idea  of  the  'scapement 
which  he  used  in  his  time-keepen,  from  tiiis  of  Cummmg's.  That 
Nudge's  'scapement  was  his  own  inTeotioni  is  evident  from  the  Us- 
torical  facts  which  have  been  stated :  and  ahhougfa  there  is  an  appa- 
rent similarity  between  Cumming's  and  it«  yet  we  are  not  incKned 
to  be  of  opinion  that  either  borrowed  from  the  odier.  The  'ecape^i 
ment  of  the  dock  made  by  Crnnming,  for  his  Majesfy  King  Creorge 
die  Third,  in  the  year  1763,  is  of  the  free  or  detached  kind,  a  name 
lAieh  was  at  that  time  not  known.  The  improvement  wliich  he  him* 
self  made  upon  U  two  or  three  yean  after,  was  to  keep  up  die  modoii 
of  die  penduhnn,  by  the  gravity  of  two  smaV  bdls,  independent,  of  the 
modve  force  through  the  wheels  of  the  movement 

In  dus  'scapement,  he  uisists  on  the  adjustoient  between  the  peiw 
dokim  screws  and  crutch  being  made  so  as  precisely  to  unlock  the 
swing  wheel  and  no  more.  This  can  be  only  unlocked  at  the  time, 
when  the  fbroe  of  the  penduhim  m  its  ascent  is  nearly  gone,  and  that 
the  pendulum  should  then  not  only  meet  with  the  arm^  of  the  ball, 
but  receive  it  just  befbrs  die  descent  of  die  pendulum  has  commeneed* 
Tlie  swing  wheel  must  at  all  events  be  unlodced,  and  however  smaH 
the  fbice  of  die  pendulum  may  be  at  this  tone  to  do  that,  the  vibrations 
of  it  cannot  be  so  restricted  as  jmt  to  do  90;  but  they  must  do  even  It 
KCde  more,  odierwise  die  unlocldng  could  not  at  aQ  times  be  efiectufdly 
done:  and  here  a  kind  of  recoil,  an  evil  reprobated  by  BIr.  Gumming*, 
would  in  a  small  degree  inevitably  take  pl^ce  on  die  penddhim,  though 
not  on  die  wheels. 

In  dwt  part  of  Nudge's  'scapement,  each  pafflet  and  detent  are 
formed  in  one,  and  the  unlocking  takes  place  a  considerable  while  b^ 
fore  the  end  of  the  vibration.  Thus,  the  springs  Whtefa  nuuntain  the 
motion  of  die  balance  are  bent  up,  not  only  by  means  of  the  spring  or 
balance  wheels  raising  up  the  pallets  so  far  at  every  vibration,  till  the 
wheel  teeth  are  locked,  but  the  springs  are  sdfl  a  litde  more  bent  up 
afkerwards,  when  the  teeth  are  unlocked,  and  diis  by  the  sole  ezerdcMi 
or  momentum  of  the  balance  or  pendulum,  which  is  done  with  great 
force,  soon  after  the  ascending  vibration  begins :  By  dus  accumulated 
force,  die  descending  vibration  is  greaUy  accelerated ;  and  this  is  one 
of  die  greatest  properties  of  the  'sci^pement,  partictdarly  where  a  bal- 
ance and  spiral  ^ring  is  used ;  it  may  perhaps  be  more  so  with  the  pei»- 
dulum,  provided  diat  the  temperature  of  the  atmosphere  be  kept  as  near 
as  may  be  to  the  same  degree. 

26 


194  mudgk's  dbtj^chbd  'scapkhbkt. 

No  'acapement  appears  to  be  better  calculated  than  this  is,  to  keep 
the  balance  or  pendulum  constantly  up  lo  the  same  arc  of  vibration*  not- 
withstanding its  having  what  some  have  been  pleased  to  call  a  defect  in 
the  recoiling  one,  that  of  opposing  the  balance  or  pendulum  in  its  ascent, 
and  promoting  its  descent  In  the  spring  pallet  'scapement,  as  in  the 
recoiling  one,  the  pendulum  is  opposed  in  its  ascent,  and  has  its  descent 
equally  promoted ;  but  there  is  still  a  difference  between  them  notwith- 
standing this  similarity. 

In  the  spring  pallet  'scapement,  no  retrograde  motion  is  given  to 
the  wheels,  pinions,  and  pivots  which  produce  the  early  wearing  that 
takes  place  by  the  retrograde  motion  which  is  given  to  the  wheels  in 
the  common  recoiling  'scapement,  strongly  pointed  out  by  the  recoil 
which  the  seconds  hand  of  the  clock  shows  on  the  dial,  and  it  is  even 
obvious  in  that  of  iJi^e  minute  hand.  These  are  circumstances  which 
have  no  place  in  that  of  the  other.  In  such  'scapements  as  Mudge's 
or  Cumming's,  it  has  been  said  by  some,  and  even  by  Gumming  him- 
self, that  it  matters  not  what  sort  of  work  the  clock  movement  is,  or 
however  ill  it  may  be  executed ;  since  the  motion  of  the  pendulum  is 
k^  up  by  a  force  which  in  some  degree  is  independent  of  the  motive 
force  produced  through  the  wheels  in  the  mov^nent  This  may  be 
00  &r  true ;  yet  there  is  no  'scapement  where  any  irregularity  in  the 
pttchiogs,  pinions,  &c.  of  the  movement  will  be  more  readily  disco- 
vered than  in  this ;  during  the  going  of  the  clock,  it  will  be  veiy  per- 
ceptible to  the  ear,  at  the  time  of  raising  up  the  balls,  or  of  bending 
up  the  springs.  We  would  therefore  by  no  means  advise  that  this  sort 
of  'scapement  should  be  put  to  a  movement  of  indifferent  execution : 
on  the  contrary,  it  seems  to  require  one  finished  in  the  best  possible 
jnanner. 

The  motive  force  put  to  it  requires  to  be  greater  than^that  which 
is  usually  put  to  clocks  having  either  the  dead  beat  or  the  recoiling 
'scapement  It  may  be  asked,  whether  weights  or  springs  are  the  best 
for  these  sort  of  'scapements  ?  This  is  perhaps  a  question  not  easy  to  be 
resolved.  We  confess  that  springs  appear  to  be  preferable ;  they  seem 
to  have  an  alertness  or  quickness  of  action,  when  compared  to  the  appa- 
rent heavy  dull  motion  of  gravity  in  the  balls.  The  pivots  which  are  at 
the  centre  of  motion  of  the  pallets  and  balls  would  be  regarded  by  many 
as  objectionable,  from  the  belief  that  oil  is  necessary  to  them.  Oil  does 
not  seem  to  us  in  the  least  degree  requisite,  considering  the  very  small  an- 
gle of  motion  which  they  would  have ;  and  we  have  always  thought,  for  the 
same  reason,  that  oil  was  not  necessary  to  the  pivots  of  such  detents  as 
were  sometimes  used  in  the  detached  'scapement    To  show,  that  so  far 
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from  the  nature  of  a  'acapement  actuated  by  springs  or  bj  the  gravity  of 
baUs,  **  allowing  the  movement  to  have  imperfection  in  its  pitchings  or  any 
other  parts,"  as  has  been  said  by  the  author  of  the  ESwunis  of  dock  and 
WalchJ^akmg^  we,  from  experience,  found  it  to  be  very  much  the  re^ 
verse :  In  clocks  where  every  degree  of  caie  was  taken  tkroughoutt  both 
in  the  sizing  of  the  pinions  and  their  pitchings,  so  much  so,  that  the 
most  experienced  and  critical  workman  could  not  have  discovered  any 
thing  that  would  have  led  him  to  say  they  were  in  the  least  faultjr: 
yet  when  set  agoing,  a  eireunultance  which  wa»  very  9en$ibig  per* 
ceked  by  the  eaty  they  showed  ^t  the  paDets  were  not  always  raised 
np  with  the  same  force  or  velocity,  having  sometimes  the  appearance 
even  of  not  getting  fiilly  up.  If  personification  mi^t  have  beeb  al- 
lowed to  the  clock,  in  this  case  it  would  have  said^  ^  you  are  aot  a 
judge  of  jntcfaings,  let  me  have  a  trial  of  them,  and  tfaten  I  wi)l  show 
you  whether  they  are  faulty  or  not."  There  certainly  could  have 
been  no  tool  or  experiment  better  calculated  or  contrived  to  shoi# 
what  die  pitchings  were,  than  was  done  by  this  kind  of  'scapement ; 
and,  by  our  experience  with  it,  it  seemed  evident  that  the  rules  in 
general  hitherto  given  for  ^  size  of  pinions,  will  mdte  tfiem  rather 
too  large  in  diameter. 

Such  clocks  as  have  recoiling  or  dead  beat  'scapements,  would 
continue  to  go  on  imperceptibly  with  pinions  sized  in  the  ordinary  way, 
without  leading  to  any  discovery  of  this  nature,  unless  the  pitchings 
were  fimky  in  the  extreme,  and  the  pinions  very  far  out  of  size.  Mr. 
Gumnung  must  surely  have  apj^ed  an  overpowering  force,  for  the  going 
weight  of  his  clock,  otherwise  he  would  not  have  given  those  statements 
which  he  has  in  his  EUmetUs^  &c.  But  the  wide  vibrations  which  he 
made  the  pendulums  of  his  clocks  to  give,  necessarily  required  a  gceet 
fbrce  to  ke^  them  up,  and  this  might  prevent  the  ear  from  observing 
what  we  have  here  remarked. 

We  shall  now  proceed  to  give  a  description  of  a  clock  'sbapement 
on  die  same  principle  as  diat  of  Mudge's  in  his  marine  time-keepers, 
which  was  put  to  a  very  excellent  regulator  or  astronomical  clock,  made 
by  us  some  years  ago  for  the  Ri^t  Honorable  Lord  Gray,  and  placed 
in  bis  Lordship's  Observatory  at  Kinfauns  Castle.  It  had  a  mercurial 
compensadon  pendulum,  and  its  time  of  going  tDithotU  winding  was 
forty-five  days.  The  pivots  of  the  great  wheel,  the  second  wheel,  and 
the  svriiig  wheel,  are  run  on  rollers,  three  being  put  to  each  pivot ;  the  pi-* 
votB  of  the  centre  and  of  the  fourth  wheels  run  in  holes,  and  are  the  only 
pivots  in  the  clock  to  wbJch  oil  is  applied. 

Frktion  rollers  were  first  q>plied  by  SuUy  to  the  balance  pivot  of  his 
marine  time-keeper,  and  have  since  been  adopted  for  the  same  pur- 
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pose  in  timeJieepeni,  by  Berthoudf  by  Mudgetand  otfaenu  Theybavo 
9ometiiBes  been  used  for  clock  pivots,  but  in  such  an  injudicious  manneri 
tbat  in  p]ace  of  relieving  tbe  fiictiott  of  the  pivots,  they  have  at  last 
janibed  them  to  such  a  degree,  that  tbe  pivots  could  not  at  all  turn  or  rp- 
volve  uppn  them. 

The  pivots  of  the  said  centre  and  fourth  wheels  would  have  been 
rvo  on  rollers  also,  but  not  choosing  to  go  farther,  for  even  with  thoaQ 
whioh  were  made  to  run  so,  thetiialwas  new;  besides,  hadthe^  tw^ 
bemi  done  so,  it  would  have  required  such  a  number  of  additional  pie* 
COS,  93  in  the  end  would  have  been  truly  af^Ndling  and  depressing;  eveo 
as  it  is,  there  is  about  500  individual  pieces  in  the  clock;  TheeqieQiQ 
incurred  would  have  been  greatly  augmented ;  yet  this,  however,  woul4 
have  been AO  bar  with  Lord  Gray's  liberality,  had  it  so  hsf^Mned.  The 
clock  has  beengoing  about  nine  years,  and  with  a  close  and  steady  rate 
cf  time-keeping,  during  wtueh  it  has  not  required  the  smallest  help^ 
npteven  that  of  cleaning. 

The  clock  made  by  us  for  the  Edinbui]^  Astrononncal  InstitutioDf 
cor  Royal  ObsertMiory^  has  the  same  kind  of  'scapement  and  pen- 
dulum, goes  eight  days,  but  has  no  friction  rollers  in  any  part  of  it. 
It  has  been  going  upwards  of  ten  years  without  requiriqg  any  heipi 
or  even  cleaning* 

In  Plate  YI.  No.  35,  S  W  is  tho  'scapement  or  swing  wheel^ 
whose  teeth  are  cut  not  unlike  those  of  the  wheel  for  a  dead  beat, 
but  not  so  deep;  P  P  are  the  pallets,  the  upper  ends  of  whose  anna 
at «  «,  are  made  very  thin,  so  as  to  form  a  sort  of  springs,  which  must 
be  made  very  delicate,  for  if  they  are  any  way  stiff,  the  force  of  the 
swing  wheel  will  jnot  be  able  to  bend  them  when  raising  v^  the  paliets. 
In  order  that  those  springs  may  have  a  suffici^icy  of  strength,  and  at  the 
aame  time  be  as  delicate  as  possible,  they  are  cut  open  at  the  bendiqg 
parts,  as  may  be  seen  at  No.  36.  These  springs  come  from  a  kneed 
sort  of  sole,  formed  from  the  same  piece  of  steel ;  by  which  sole  they 
are  screwed  on  to  cocks,  which  are  attached  to  the  back  or  {Hilar 
plate  of  the  clock  frame.  The  pallet  arms  must  be  made  veiy  lig^t 
and  stifi^.in  order  that  their  weight  may  have  the  least  possible  load 
or  burden  on  the  springs ;  a  a  are  the  aims  of  the  paUets,  as  rep- 
resented in  the  firont  view,  No.  35,  andarefuUyas  broadasis  necea- 
aaiy;  their  thickness  may  be  made  nmch  less  than  this.  An  edge 
view  of  the  pallet  arms  is  seen  at  No.  36.  The  acting  parts  of  the 
pallets  at  P  P,  No.  35,  should  be  made  of  such  a  thickness  as  to 
allow  an  opening  or  room  to  be  made  in  them  for  the  insertion  of  a 
piece  of  ruby,  sapphire,  agate,  or  any  fine  and  hard  sort  of  stone ;  the 
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dddoMM  €f  tbe  flloiie  hmag  somewbHt  more  Hmn  that  of  the  'acape- 
QMiit  or  swing  wheel  teeth,  «ay  twice  or  thrice  ae  much  so :  Each  of 
tkeee  etoae  paBeta  has  a  sort  of  mb,  or  deienl,  (for  the  stopping  of 
the  wimi  teeth,)  which  is  left  at  the  end  of  the  pallet  aanches,  as 
nay  easilf  be  seen  at  the  left  hand  pallet*  No.  86.  These  nibs  are 
made  for  ihe  lodoag  of  the  swing  wheel  teeth«  and  their  use  will  be 
move  parliculii) J  ezplsined  afterwards.  On  the  back  of  the  pallets 
aie  scrf»wed  to  ^ach,  kneed  light  bmas  pieoesy  e  e»  as  seen  at  No.  86. 
On  the  tower  end  of  these  kneed  pieces,  the  serews,  d  <i»  are  put 
Ihroilgh,  aerying  the  doiMe  pmpose  of  adjusting  die  ^msKpfumdf  and 
setliqg  the  pendiduyn  on  beat  The  upper  part  of  the  pendnhnn  rod 
is  composed  of  a  kkid  ef  fiame,  iriiose  steel  phtes*  A  A  A  A«  No» 
36,  are  represented  as  being  conlained  witUn  the  dotted  drcular 
figure ;  the  thickness  of  tbese  ring  sort  of  plates  is  aeen  si  A  A  A  A» 
No.  86.  This  fiame  has  three  piBan  to  keep  the  {dates  propeily  to- 
gether ;  and  though  they  are  not  represented  in  the  dmwing,  yet  any 
one  may  readB^  conoeiTe  where  then'  places  ou|^  to  be,  and  what 
ahoiM  be  their  length  or  hei|^.  At  e  «,  No.  86,  is  aeen  on  each 
side  ^  ends  of  a  tUn  steel  i^te,  or  tmeise  bw,  which  goes  fioro 
pbte  to  plate,  and  is  fixed  in  the  fimne.  An  oblique  view  of  one  of 
them  is  seen  at  e«.  No.  86.  In  the  steel  iiame  i^ates,  there  is  a 
circular  opening,  as  repres^siled  by  the  dotted  inner  circle.  No.  86* 
This  opening  must  be  of  such  a  diameter  or  widdi  as  to  allow  the 
swing  wheel,  and  the  cock  which  supports  it,  to  come  fieely  tluKNq^ ; 
a  part  of  the  cock  is  seen  at  //,  No.  86,  the  sole  of  which,  F,  is 
screwed  to  the  back  of  the  pfltar  phte  of  the  clock ;  the  knee,  K, 
turns  up,  or  is  set  to  receive  die  pivot  of  the  aifoor  of  the  swing 
a^eel ;  tte  pvotat  the  other  end  of  die  aibor  being  supposed  to  run 
m  the  fore  plate,  or  in  a  cock  attached  to  it,  and  is  die  pivot  wkkk 
carries  the  seconds  hand.  This  description  of  the  manner  by  wUch 
die  swing  wheel  is  supported  within  the  pendulum,  it  is  to  be  hopedt 
will  be  sufficiently  understood,  notwithstanding  the  want  of  a  proper 
dmwing  of  that  part 

The  swing  wheel  8  W,  and  part  of  its  pimon  arbor  g,  are  seen 
edgewise  at  No  36. ;  also  the  arm  a  of  one  of  die  pallets  P,  and  its 
screw  d,  bearing  on  the  steel  bar  «  e :  At  the  point  of  contact,  be* 
tween  the  end  of  die  screw  d,  and  the  bar  e,  a  small  piece  of  fine 
stone  may  be  inserted  into  each  bar :  This  will  prevent  any  wearing 
or  magnetic  attraction  Yrbkb  might  odierwise  take  place  if  the 
screws  were  left  soldiy  to  act  on  the  steel  bars ;  as  the  smallest  wear- 
ing here  would  in  some  degree  alter  the  effects  of  the  'scapement    In 
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No.  35t  B  represents  a  part  of  the  bar  of  the  pendulmn  rod,  which 
b  fixed  mto  the  lower  part  of  the  steel  frame ;  an  edge  view  of  this 
bar  is  seen  at  B,  No.  36.  At  the  upper  part  of  the  steel  frame  is 
inserted  a  pieces  c  c,  No.  85,  and  36;  in  this  piece  the  pendulum 
spring  is  fixed,  whose  top  piece  goes  into  a  strong  brass  cock,  which 
is  firmly  attached  either  to  the  back  of  the  clock-case,  to  a  wall,  or 
to  a  laige  stone  pier ;  the  end  of  the  projecting  part  of  this  cock  is 
seen  at  D  D,  No.  36,  and  a  side  view  of  it  at  D  D,  No.  36.  The 
top  piece  of  the  pendulum  spring  has  a  long  and  strong  steel  pin 
through  it,  which  lies  in  a  notch  made  across  on  the  upper  side  and 
projecting  part  of  the  pendulum  suspension  cock :  by  this  pin  the 
pendulum  is  suspended.  lu  the  side  of  the  pendulum  spring  top 
fuece  is  a  large  hole,  made  so  as  to  admit  freely  a  strong  screw,  the 
head  of  which  is  seen  at  £,  No.  36.  This  screw  serves  to  pinch 
the  top  piece  and  cock  firmly  together,  after  the  pendulum  has  been 
made  to  take  a  true  vertical  position.  This  strcmg  pin  and  screw  are 
not  represented  in  the  drawing,  but  the  descriptioH  which  has  been 
given,  will,  it  is  presumed,  easily  supply  this  want  In  the  pen- 
dulum spring,  h  hj  No.  36,  may  be  seen  an  opening,  so  as  ta 
have  the  appearance  of  a  double  spring.  This  opening  is  made 
to  aUow  the  spring  parts  of  the  pallets  S  S,  to  be  brought 
very  near  together,  and  this  at  the  bending  part  of  the  pendu- 
lum spring,  so  that  it  and  the  bending  parts  of  the  pallet  springs 
should  be  in  one  common  centre.  A  part  only  of  the  cocks  on  which 
the  spring  pallets  are  screwed  is  represented  by  k  k.  No.  35 ;  m  tn 
are  the  heads  of  the  screws  by  ^vHuch  they  are  fixed  to  these 
cocks.  It  must  be  observed  here,  that  the  spring  pallets  are  se 
placed,  that  they  should  act  on  the  Ime  of  suspension  and  gravita- 
tion of  the  pendulum,  which  necessarily  brings  liie  swing  wheel  to  the 
place  where  it  is ;  no  verge,  crutch,  or  fork  are  required ;  the  influ- 
ence of  the  oil  on  the  verge  pivots,  and  the  friction  by  the  crutch  or 
fork  on  the  pendulum  rod,  are  done  away  by  this  arrangement  The 
motion  of  the  pendulum  is  kept  up  entirely  by  the  force  of  the  springs 
part  of  the  pallets,  independent  of  any  impediment  in  the  wheel 
work,  so  long  as  the  wheels  have  force  sufficient  to  raise  up  the  pal- 
lets readily:  This  force  may  be  considered  as  permanent  and  invari- 
able, and  so  should  be  the  arc  described  by  the  pendulum.  If  the 
length  of  the  pendulum  and  of  the  arc  it  describes  are  invariable,  sa 
should  be  the  time  which  is  kept  by  the  clock.  Having  described  the 
parts  which  compose  this  'scapement,  it  will  now  be  requisite  to  show 
their  mode  of  action,  which  is  extremely  simple. 
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Wben  tlw  pendohiin  is  «et  in  rootiont  itj  will,  by  means  of  eidier 
tbe  one  or  die  other  of  the  Bcrews  d^  unlock  the  swing  wheel,  which, 
in  the  dr&wing,  is  rejHresented  as  being  locked  by  one  of  its  teeth  on 
the  nib  or  detent  part  of  the  right  hand  pallet,  and  the  moment  when 
the  wheel  is  unlocked,  the  tooth  at  the  left  hand  pallet  is  ready  to 
press  f<Nrwanl  and  raise  i4>  that  pallet, — and,  of  course,  it  bends  up 
the  spring*  Let  the  pendulum  be  now  brought  to  the  right  hand 
side,  the  steel  bar  e  will  meet  with  the  screw  dj  and,  canying  or 
pushing  it  on,  will  by  this  means  unlock  the  swing  wheel,  and  allow 
it  to  escape.  At  this  instant,  the  wheel  tooth  meeting  with  the  pal- 
letjSt  the  1^  hand  side,  will  force  its  way  on  the  flsnch,  and  raise  it 
up  till  it  is  stopped  by  the  detent  or  pallet  nib.  Here  the  wheel  is 
locked  until  the  return  of  the  pendulum  to  that  side,  when  it  will 
again  be  unlocked.  From  the  time  of  the  unlocking  at  the  right 
hand  pallet,  till  the  aame  takes  place  at  the  left  hand,  the  pendulum, 
during  its  excursion  to  the  ri^it,  is  q>posed  by  the  spring  part  of 
the  pallet ;  and,  on  its  return,,  it  is  assisted  by  the  same  part,  until 
the  pendulum  comes  in  contact  with  the  point  of  the  screw  d  on  the 
left  hand.  Here  it  is  again  exposed  in  its  ezcuraion  as  ftr  as  the  arc 
it  describes ;  and  on  its  descent  or  return,  it  is  assisted  or  impelled  by 
the  spring  part  of  the  pallet,  in  conjunction  with  the  force  of  gmnty* 
In  tlus  clock,  all  that  the  motive  force  throu|^  the  iriieels  has  to  do, 
is  to  raise  up  the  palletB,  by  bending  up  die  iq[Mrings,  and  these,  (as  has 
been  already  stated,)  along  with  the  fcHce  of  gmvity,  maintain  the 
motion  of  the  pendulum. 

When  clocks  of  the  common  construction  get  foul  in  the  oil,  or 
dirtjr,  the  arc  of  vibiatic»i  faUs  off,  or  is  less  than  what  it  was  wbem 
the  dock  was  dean  and  ftee.  In  this  'scapement,  however,  idben 
the  dock  gets  fbd,  the  foice  of  the  swing  wheel  teeth  on  the  detent 
part  of  the  palletB  will  be  lessened,  consequently  the  whed  will 
be  more  easily  udocked  by  the  pendulum*  Hence  we  may  expect 
a  small  increase  in  the  arc  of  vibration ;  but  whedier  this  wiU  affect 
the  time-keeping  by  making  it  slow,  must  be  left  to  the  experience 
of  those  who  may  think  of  prosecuting  such  trials.  It  appears  to 
us,  that  if  any  lengthening  of  the  arc  of  vibration  takes  place,  it 
will  be  equally  accelerated  on  its  return  by  the  lireater  tenrion  of  the 
spring  part  of  the  pallets.  A  dock*  wilh  this  kind  of  'scapement, 
which  went  thirty-six  days  without  requiting  to  be  wound  up,  the 
going  wei^t  twenty  pounds,  and  semi-arc  of  vibration  one  degree 
twelve  minutes ;  on  an  addition  of  four  pounds  being  put  to  the  go- 
ing weight,  it  brou^  the  semi-arc  of  vibration  to  two  minutes  less 
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than  one  degree,  confirming  so  fer  the  hjpotbiegaB  trfdch  has  been  ad« 

ranced. 

Another  clock,  having  Ae  aame  kind  of  'scapement,  has  since  been 
made  hy  us,  where  die  adjustments  for  'scapement  and  beat  are 
transferred  from  the  (Mfflets  to  the  penduhun  itself.  By  this  means 
these  adjustments  are  not  only  easier  made,  but  are  effected  wifliout 
that  danger  to  which  the  panets  are  exposed  when  this  is  dmie  by 
Ae  screws.  This  mode  is  adopted  in  the  pendnhnn  at  the  dock 
made  for  the  Edinburgh  Astronomical  Institution  or  Roifal  Okereofory 
(formerly  noticed,)  which  was  put  up  in  Ate  year  1818. 

The  spring  pallet  'scapement,  winch  has  been  described,  halving 
neither  verge  nor  crutch,  and  these  being  necessary  where  the  up- 
per part,  of  the  pendulum  is  a  simple  bar  or  rod,  it  shaft  now 
be  shown  how  to  construct  a  'scapement  of  this  kind  with  a  verge  and 
crutch. 

On  the  verge  is  screwed  a  thin  piece  of  steel,  of  an  andior  form, 
which  has  a  kind  of  crank  in  the  nddiBe,  in  order  to  give  free- 
dom to  the  Ousting  pans,  or  centre  of  motion  <^  the  paflet  sprmgs ; 
to  coincide  with  that  of  its  aibor,  against  <me  of  the  kneed  ends 
df  the  crank  Ae  anchor  is  screwed.  The  place  of  the  swing  wheel 
is  iMk  the  frame  in  the  uiiual  way ;  the  anchor  lies  pretty  ctose  be- 
hind it  on  Hat  side  next  the  piDar  frame  plate.  On  the  ends  of  the 
cSreuto  arch  part  of  the  anchor,  are  seiewed  kneed  pieces  df  Mtl 
#Uch  come  outside ;  and  at  a  litde  disUnce  fitmi  the  tops  of  tte  swing 
wheel  teeth,  in  each  of  Ihe  kneed  pieces,  is  inserted  a  flat  piece  of 
^Ktoiond,rBA)y,oranyhard  stone.  These  pieces  are  made  or  i^ced 
tEM>l[^  to  be  in  a  line  drawn  from  the  centre  df  the  verge;  and  it  is  on 
these  stoned,  which  are  in  the  plane  of  the  swing  wheel,  that  the  poht 
of  the  screws  Which  are  in  the  pallet  tails  act  and  give  impulse  to  the 
penduhnn,  communicated  to  it  by  meani^  of  ihe  crutch,  whose  socket 
is  twisted  firm  on  that  end  of  the  arbor  of  the  veige  vrtiereonthe  andibr 
piece  goes.  I'wo  kneed  brass  cocks  are  screwed  on  the  inside  of  the 
pillar  plate,  the  distance  between  them  may  be  a  quarter  of  an  inch, 
or  so ;  it  is  on  their  upper  surface  that  the  soles  or  pahns  of  spring 
pallets  are  screwed.  The  arms  of  the  pallets  should  be  as  light  as 
possible,  and  the  pallets,  the  tails,  soles,  and  springs,  may  all  be  made 
out  of  one  piece  of  steel.  The  extremity  of  ttie  pallet  springs  coincide 
with  the  upper  surface  of  the  soles,  and  also  with  the  centre  of  niotiOH 
of  the  verge  and  anbhor. 

From  ihe  n^tuke  of  the  spring  pallet  'scapement,  there  is  a  wonder- 
ful and   beaulSfht  variety  in  it ;   the  diMance  between  the  p<»nts  of 
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Hie  screws  in  tiie  paHet  tails  is  limited  bj  the  stones  of  tte  kneed 
pieces  screwed  on  the  ends  of  the  anchor  arch.  If  this  distance  is 
less  dian  irtiat  it  should  be,  it  will  give  too  much  scope  for  the  dis« 
ehaiged  pallet»  when  impelling  %he  anchor,  to  fell  more  in  between 
die  teeth  iSban  it  should  dov  and  by  this  means  give  a  small  retro^ 
grade  motion  to  the  tooth  which  is  to  raise  it  up,  just  at  die  instant 
when  the  opposite  pallet  is  discharged;  and  diis,  unless  the  motive 
fimce  is  sufficiendy  powerful,  will  be  apt  to  prevent  the  pallet  from  being 
ahogether  quite  raised  up,  and  conseqoendy  stop  the  dock.  If  the  dis* 
tance  between  the  screw  points  is  greater  than  it  should  be,  then  the 
pallet  which  is  to  be  raised  up  will  not  fall  so  much  in  between  the 
teeth  as  it  ought  todo;  henoe  the  acting  tooth  will  pass  over  a  part 
ti  the  inclined  planev  or  flanch  of  the  pallet,  without  any  action  b^ 
ing  exerted  on  it,  by  wbkh  a  dinunution  of  the  motive  force  iaka 
flacB*  The  great  nicety  in  the  distance  of  the  screw  points  is  to 
have  it  so^  as,  on  the  disdiaige  of  one  pallet^  the  other  shall  come 
dose  in  on  the  tooth  which  is  to  receive  it,  but  only  just  so  as  not  to 
toudi  it  The  taking  out  or  in  of  the  screws  by  a  very  small  part 
of  a  turn  will  have  a*  great  eflbct  in  putting  the  clock  x>n  beat;  yet  it 
seems  more  advisable  to  do  dns  4i»t  by  die  bending  of  the  cratch,  the 
V^apement  being  supposed  previously  and  property  adljusled  in  all 
its  parts.  In  this  operation^  the  discharge  of  die  pallets  should  be 
made  to  take  place,  at  equal  distances^  on  each  side  of  the  point  of 
rest;  for  example,  suf^pose  the  dischai^  is  made  on  t^e  left  handf 
when  the  pendulum  index  is  at  forty  minutes,  and  on  the  rig^  hand 
at  thirty  minutes,  beuyng  the  crutch  the  smallest  matter  to  the  ri^iti 
will  Huike  the  dischaiges  each  at  thirty-^ve  minutes ;  and  here  die 
dock  will  be  exacdy  in  beat 

The  foUewing  is  a  scheme  and  description  of  another  'sc^penient« 
contrived  by  the  Author,  and  executed  about  two  and  tweaty  years 
ago.  In  Plate  TI.  No.  84,  S  W  is  the  swing  irtieel,  whose  diameter 
may  be  so  large  as  to  be  sufficiendy  free  of  the  aiix>r  of  the  wheel 
which  runs  into  its  pinion:  this,  in  eight-day  clocks,  is  the  third 
wheeL  The  teeth  of  this  swing  wbod  are  cut  thus  deep^  in  order 
that  the  whed  may  be  as  li^  as  possible ;  and  the  strengdi  of  the 
teeth  litde  m<ne  than  what  is  necessary  to  resist  the  action  or  force  of 
a  common  clock  weight  throu^  the  wheels*  They  are  whatmay  be 
called  die  locking  teeth,  as  will  be  more  readily  seen  from  die  use  of 
diem,  afterwards  to  be  explained.  Those  caJled  the  impulse  teethi 
consist  of  very  small  tempered  steel  pins,  inserted  on  the  surfoce  of 
the  rim  of  die  irtied  on  one  side  only.    They  are  nearly  two4ena0 
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bf  an  inch  in  height,  and,  the  smaller  they  are,  so  much  more  roonl 
will  be  given  to  the  thickness  of  the  pallets.  If  they  have  strength 
to  support  about  eighty  or  a  hundred  grains,  they  wiU  be  strong 
enough.  There  is  no  rule  required  for  placing  them  relatively  to 
the  locking  teeth,  only  they  may  as  well  be  opposite  these  teeth  as 
any  where  else.  P  P  are  the  pallets  whose  centre  of  motion  is  the 
same  with  that  of  the  verge  at  a.  These  pallets  are  formed  so  as  to 
have  the  arms  sufficiently  strong,  and  at  the  same  time  as  light  as 
may  be.  That  part  where  the  arms  meet  at  the  angle  at  a,  has  a 
steel  socket  made  out  of  the  same  piece  as  ^  arms,  being  forged 
together  in  this  manner.  The  socket  is  made  to  fit  well  on  the  verge 
on  which  it  is  only  twisted  fast,  and  is  turned  pretty  thin  on  the  oat- 
side,  in  order  to  allow  the  arbors  of  the  detents  to  be  laid  as  dose  to 
the  veige  as  may  be,  so  that  their  centres  of  motion  may  coincide  as 
nearly  as  possible.  A  perfect  coincidence  of  the  centres  might  be 
obtained,  by  using  a  hollow  cylinder  for  the  verge,  with  the  detent 
arbors  running  in  the  middle  of  it ;  but  this  would  have  occasioned 
more  trouble.  Yet  this  non-coincidence  of  centres  has  its  advantage 
here,  by  the  wheel  teeth,  ^le  resting  on  the  detent  nibbs,  being 
prevented  from  having  any  opposing  force  to  the  motion  of  the 
pendulum,  which  they  would  have,  were  the  detents  placed  other- 
wise, unless  the  method  was  <  taken  which  we  propose  in  another  scape- 
taient  That  part  of  the  pallet  frame,  in  which  is  set  the  stone  for 
receiving  the  action  or  impulse  of  the  small  pin  teeth,  is  formed  into 
h  rectangular  shape,  so  as  to  allow  room  for  a  dovetail  groove,  into 
which  the  stone  pallets  are  fixed,  as  may  be  seen  at  P  P,  No.  34, 
and  at  P  2,  which  abo  gives  a  side  view  of  the  verge  at  a,  and  where 
the  socket  of  the  pallets  is  seen  as  fixed  on  the  verge.  At  6  2,  is  seen 
the  outer  end  of  one  of  the  stone  pallets  made  flush  with  the  steel. 
That  part  of  the  stone  pallets  upon  which  the  pin  teeth  act,  may  be 
seen  where  they  are  represented  in  their  respective  positions  relative  to 
tie  pin  teeth.  Their  shape  or  form  is  exactly  that  which  gives  the 
dead  beat  In  the  figure  are  seen  the  detents  dd,  whose  centre 
of  motion  is  at  c  c  ;  they  are  fixed  on  their  arbors  by  a  thin  steel  socket, 
made  as  forged  with  the  detents,  much  in  the  same  way  as  the  palletB 
iRrere,  as  may  be  seen  at  c  I,  which  gives  a  side  view  of  one  of  the  de- 
tents and  its  arbor.  The  screws  c  «,//,  in  the  arms  of  the  detents, 
have  phices  made  to  receive  them,  which  are  more  readily  seen  in  No. 
34,  than  in  I,  2.  The  screws  e  «,  serve  for  the  purpose  of  adjusting  that 
part  of  the  'scapement  connected  with  the  pallets,  pushing   the  de- 
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teiiii  out  from  locking  the  v^eel  by  means  of  the  locking  teeth*  The 
ends  of  the  screws  e  e,  on  the  unlocking,  are  met  by  the  ends  of 
the  8(k>ne  pallets^  one  of  which  is  represented  at  6  2.  The  screws 
//  serve  to  adjust  the  locking  of  the  wheel  teeth  on  the  detents,  g  g 
are  brass  rectangular  pieces  or  studs,  which  are  fixed  to  the  inside 
of  the  pillar  frame  piate,  and  may  be  near  an  inch  in  hejght  The 
ends  of  the  screws  /  /  rest  on  the  side  of  these  studs,  and  according 
as  they  are  more  or  less  screwed  through  at  the  ends  of  the  detents^ 
so  much  less  or  more  hold  will  the  detent  pieces  have  of  the  teeth* 
These  holding  pieces  of  the  detents  are  not  represented  in  the  drawing, 
as  they  would  have  made  other  parts  of  it  rather  obscure.  They  aie 
made  of  stone,  and  are  fitted  in  by  means  of  a  dovetail,  cut  in  a  piece 
left  for  that  purpose  on  the  inside  of  the  detent  arms,  as  may  easily  be 
conceived  firom  the  drawingt  where  it  is  represented  in  part  at  e  2,  and 
is  in  the  line  across  the  arm  with  the  screw  e,  which  is  close  by  the 
edge  of  the  detent  stone-piece  that  projects  a  little  beyond  the  end  of 
the  screw. 

Having  described  the  parts  of  the  'scapement,  we  shall  90W  eiplam 
their  mode  of  action.  On  the  left  hand  side  the  pin  tooth  is  represent- 
ed as  having  just  escaped  its  pallet,  as  may  be  seen ;  but  previous  to 
its  having  got  on  to  the  flanch  of  this  pallet,  let  us  conceive  that  the 
back  or  end  part  h  of  the  pallet  had  come  in  consequence  of  the  motion 
of  the  pendulum  to  that  side,  and  opposing  the  screw  e,  which  is  in  die 
detent  arm,  pushes  or  carries  it  on  with  it,  and  consequently  unlocks  the 
wheel,  which  then  endeavors  to  get  forward ;  but  the  pin  tootbf  at  this 
instant  of  unlocking,  meeting  with  the  fianch  of  the  pallet  at  the  low- 
er edge  inside,  and  pushing  forwards  on  the  flanch,  by  this  me«ns  im- 
pels the  pendulum,  and  afler  having  escaped  the  pfjlet,  the  next  lockii^ 
tooth  is  received  by  the  detent  on  the  right  hand  side,  where  the  wheel  is 
now  again  locked.  In  the  meantime,  while  the  pendulum  ia  describiQg 
that  part  of  its  vibration  towards  the  lejfl  hand,  free  and  detached*  as  the 
pallets  are  now  at  liberty  to  move  freely  and  independently  of  die 
small  pin  teeth ;  on  the  return  of  the  pendulum  to  the  right  hand  sidey 
the  detent,  by  means  of  the  back  of  the  pallet  on  that  side,  is  pushed 
out  from  locking  the  wheel,  and  at  the  instant  of  unlocking,  the  wheel 
gets  forward,  and  the  pin  tooth  is  at  the  same  instant  ready  to  get  on 
the  flanch  of  its  pallet,  and  give  new  impulse  to  the  pendulum, 
as  is  obvious  by  what  is  represented  in  the  drawing.  After  the 
pin  tooth  has  escaped  the  pallet,  the  wheel  is  again  locked  on 
the  opposite    or   left    hand    side ;    the  pendulum   moves    on  to  the 
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ijglit  freely  and  independentlj  tiU  tke  neil  lockmg  cm  tbe  kft  takea  phcak 
and  so  on. 

It  may  be  observed*  ibai  the  unloddng  takes  place  ivhen  tte  pendulum 
is  near  the  lowest  point,  or  point  of  rest,  and  of  course,  where  ita 
force  is  nearly  a  maximmn.  Without  attachmg  any  thing  to  (he  merito 
of  this  'acapement,  we  may  remark*  that  the  rete  oi  the  dock  was 
observed  from  time  to  time  by  an  excellent  transit  instninient,  and 
during  a  period  of  eighty  three  days  it  kept  within  the  secondy  with* 
out  any  interim  apparent  deviation.  This  degree  of  time  keeping 
seemed  to  be  as  muchamatter  of  accident  as  otherwise,  and  cannot 
reasonably  be  expected  Aom  this,  or  any  dock  whatever,  as  a  fixed  or 
settled  rate. 

This  'scapement  being  a  detached  or  free  one,  can  at  pleasure 
be  omveited  either  into  a  recoiling  or  a  dead  beat  one,  without 
so  much  as  once  disturbing  or  stopping  the  pendulum  a  single  vi* 
farstioik  To  make  a  dead  beat  of  it,  put  in  a  peg  of  wood,  or  a 
small  wire  into  each  of  the  detents,  so  as  to  raise  them  free  of  the 
pallets,  and  the  peg  of  wood  keeping  the  detents  in  the  required  posi- 
tion, the  pin  tee&  will  now  fidl  on  the  drcular  parts  of  the  pallets, 
and  so  on  to  the  flanch,  and  the  'scapement  is  then  to  all  intents  and 
purposes  a  dead  beat  one.  To  make  a  recoiling  one  of  it*  let  there 
be  fixed  to  each  arbor  of  die  detents,  a  wire  to  project  horizontally 
from  them,  about  3i  or  4  inches  long,  the  outer  ends  of  the  wires  must 
be  tapped  about  half  an  inch  in  length,  provide  two  small  brass  balls, 
half  an  ounce  weight  each,  having  a  hole  through  them,  and  tapped  so 
as  to  BcrGw  on  to  the  wires,  the  balla  can  thus  be  put  more  or  less 
home«  and  be  adjusted  proportionably  to  the  force  d  the  dock  on  the 
pendulum.  No  recoil  will  be  seen  by  the  seconds  hand,  yet  these  balls 
^riH  ahemately  oppose  and  assist  the  motion  of  the  pendulum  as  much 
as  any  recoiling  pallets  can  possibly  do,  and  as  their  efifect  on  the  pen* 
dulum  will  be  exactly  the  same,  it  may  be  considered  as  a  good  recoil- 
ii^  'scapement  This  sort  of  detached  'scf^ment,  as  it  may  be  so 
called,  by  becoming  a  dead  beat,  or  a  recoiling  one,  at  any  time  when 
required,  makes  it  convenient  for  trying  various  experiments  with  these 
kind  of  'scapements.  This  'scapement  keeps  its  arc  of  vibration  pret* 
ty  steadily,  as  experi^ce  of  it  has  shown. 

We  shall  now  proceed  to  the  description  of  a  dock  'scapement, 
whose  palleto  require  no  oil,  invented  by  the  late  Mr.  John  Harrison, 
who  received  the  parliamentary  /eward  of  20,0002.  for  his  marine 
^e^keeper,   having   kept   the   longitude   at   sea   within   th^   limits 
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pteBcribeJ  by  die   aet  of  pariiament,  made  in  tibe  reign  of  Queen 
Ann. 

In  Plate  Yy  No.  28,  S  W  is  the  swing  wiiee],  idiose  teeth  are 
riiorter  than  Uflual ;  on  die  veige  is  a  braaa  anUf  of  a  sort  of  cross  and 
flat  pronged  form,  as  may  be  seen  ate,  e,  e,  and  at  e,  e,  No.  29,  and 
M,  upon  this  arm  are  screwed  two  brass  cocks,  maiiced  d,  ci,  in  No. 
28,  and  dj  in  No.  29,  and  80,  the  upper  pivots  of  the  pallet  aibon, 
as  seen  at  a,  No.  29,  and  80,  run  in  ttiese  cocks,  and  the  lower  pivots 
in  the  end  of  the  prongs.  On  the  lower  end  of  the  pallet  arbors  is 
a  brass  socket  to  each,  having  freedom  to  move  easily  in  them,  and 
riso  a  proper  end-shake  between  the  prongs  and  the  pallet  arms.  On 
Aat  end  of  each  of  the  sockets  next  to  the  pallet  aims,  is  riveted  a 
dun  piece  of  brass,  the  piece  on  the  socket  of  die  driving  pallet  being 
ritaped,  as  seen  at  ^  ^  No.  28,  and  29,  and  having  two  holes  in  it, 
one  of  these  holes  has  a  range  limited  by  a  pin  fixed  to  the  brass  ann 
from  the  veige;  the  other  hole,  which  is  at  the  outer  end,  allows 
range  to  a  pin  which  is  fixed  to  an  ann  on  the  pallet  aibor,  as  may 
be  seen  nt  h  h^  No.  28,  and  h  h^  No.  29.  The  piece  of  brass  on 
the  socket  of  the  leading  pallet  arbor  is  shaped,  as  seen  at  ib  Ir, 
No.  28,  and  30,  having  a  tail  which  comes  to  rest  on  the  outer  edge 
of  the  cock  if,  after  being  carried  a  litde  way  by  the  motion  of  the 
pallet ;  at  die  outer  end  at  ib,  is  a  small  brass  screw,  serving  as  a 
counteibalance  to  the  opposite  arm  or  pallet  bode.  In  this  pallet 
arm  is  an  opening  through  which  the  swing  wheel  comes,  as  may  be 
seen  at  /,  No.  30,  the  arm  at  the  other  end  being  filed  thin  down, 
having  a  sort  of  shoulder  on  it  A  B,  No.  28,  is  a  stout  piece  of 
brass,  riveted  or  screwed  to  the  verge  collet ;  e  «,  is  the  steel  crutch 
having  another  arm  which  comes  up  on  the  inside  of  the  piece  of 
brass ;  the  ball,  or  palm  of  the  crutch  is  kept  to  the  verge  collet,  by 
a  sort  of  spring  collet  which  has  two  screws  outside,  and  through  to 
die  verge  collet,  the  crutch  having  liberty  to  turn  on  the  verge.  The 
piece  of  brass  A  B  has  two  short  knees  turned  up,  having  a  hole 
tapped  into  each  to  receive  the  two  screws  a  «,  whose  ends  bear  on 
the  upperarm  of  die  crutch,  and  serve  to  move  the  arm  to  one  side 
or  the  other,  so  as  to  put  the  pendulum  or  clock  on  beat ;  p  p  is  a, 
piece  of  hard  wood,  (such  as  lignumvitse,  or  green  ebony,)  put  cm 
the  lower  end  of  the  crutch,  having  an  opening  in  it,  to  clip,  or  take 
hi  with  the  middle  rod  of  a  gridiron  pendulum. 

The  parts  of  this  'scc^pement  being  described,  it  now  remains  to 
explain  their  action.  The  toodi  of  the  swing  wheel  uriuch  has  hold 
of  the  book  of  die  leading  or  right  hand  pallet,  carries  it  on  until  ano« 
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tber  tooth  meets  with  the  hook  or  notch  at  the  end  of  the  driving 
pallet  arm.  When  this  takes  place,  the  wheel  is  made  to  reqoil  a 
little  back,  and  at  Ihis  instant  the  hook  of  the  leading  pallet  gets  free 
of  the  tooth,  and  is  made  to  rise  clear  off  the  top  of  it,  by  oceans  of 
the  counterbalancing  of  the  brass  ann,  and  the  screw  1;  at  the  end  <^ 
it.  The  tooth  oi  the  swing  wheel  which  has  now  got  into  the  notch* 
at  the  end  of  the  driving  pallet  arm,  carries  it  forward  until  another 
tooth,  meeting  with  the  hook  of  the  leadiog  pallet,  causes  the  wheel 
again  to  recoiL  This  allows  the  notch  of  the  driving  pallet  to  get 
bee  of  the  tooth,  and  the  brass  piece  which  is  on  the  pallet  arbor  falls 
down  till  it  comes  to  rest  on  the  pin,  in  the  brass  cross  piece,  making 
the  pallet  notch  get  quite  clear  a[  the  top  of  the  tootbi  and  so  on. 
There  is  a  great  deal  of  ingenuity  displayed  in  the  contrivance  of  this 
'sc^)ement,  yet  the  nice  and  ticklish  balancing  of  the  pallets  occasions 
some  degree  of  uncertainty  in  their  operations;  and  whether  the 
great  recoil  which  it  has  may  not  be  against  the  time-keeping  of  the 
clock,  remains  yet  to  be  proved.  Was  it  this  'scapement  in  a  clock 
of  Harrison's,  at  his  house  in  Orange  Street,  of  whose  going,  Mr. 
Short  said,  **  That  he  could  depend  on  it  to  one  second  in  a  manihf^ 
and  *^that  it  had  been  going  for  fourteen  years  at  this  rate?" 

No.  31,  is  a  segment  of  a  swing  wheel,  or  part  of  one,  where  the 
teeth  are  made  so  as  to  keep  the  oil  constantly  to  their  points.  It  is 
well  known  that  oil  is  very  apt  to  run  down  from  the  points  of  swing 
wheel  teeth,  especially  those  m  the  common  recoiling  'scapement, 
where  they  are  for  the  most  part  rather  thin  and  sharp. 

The  teeth  proposed  here,  after  being  cut  on  the  engine,  have  their 
points  formed  somewhat  like  an  epicycloid,  and  close  below  U  a  small 
bole  is  drilled  from  back  to  front ;  with  one  of  the  smallest  round 
files  a  hoUow  is  made  across  the  front  of  the  tooth,  keeping  the  hole 
rather  on  the  upper  part  of  the  hollow  ;  the  hole  should  be  chamfered 
a  little  at  both  ends,  and  a  broach  put  through  so  as  to  clean  it  In- 
deed, if  a  hole  is  made  not  far  from  the  points  of  teeth  in  common 
swing  wheels,  it  will  keep  the  oil  to  them  ;  they  should  have  a  gentle 
rounding  off,  which  will  be  of  advantage. 

This  scheme  answers  the  end  proposed  extremely  well;  the  teeth 
carry  the  oil  along  with  them  during  their  acting  on  the  pall^^ 
and  on  leaving  them  take  it  away.  It  is  above  forty  years  since  we 
suggested  this,  but  had  somehow  overlooked  it,  till  being  lately  re- 
minded of  it  by  one  who  had  successfully  put  it  in  practice  a  considera- 
ble time  ago,  he  having  got  the  hint  from  some  of  our  people. 
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how  to  fit  up  a  'scapement  fbr  an  afitronomical  clock, 
where  gravity  is  made  the  impelling  force  to  the  pendulum,  and  where 
tiie  influence  of  heat  and  cold  can  have  no  place,  as  in  the  case  of  spring 
pellets,  and  where  the  pendulum  is  suspended  by  a  spring. 

Let  a  piece  of  "fine  cast  steel  be  prepared,  from  which  a  hoQow  cy- 
Mnder  can  be  made,  the  length  three  inches,  or  it  may  be  near  to  a 
quarter  of  an  inch  more,  the  outside  diameter  four  tenths  of  an  inch, 
the  inside  about  tlvee  tenths  or  so ;    being  truly  turned  on  the  out- 
side after  it  is  well  finished  in  the  inside,  it  may  then  be  hardened, 
and  so  hr  brou^t  back  or  let  down,  that  a  good  file  may  be  used  to 
open  a  part  of  it  to  admit  the  detent  or  pallet  arbors :   A  short  part  of 
the  cyhnder  is  left  whole  at  the  ends  for  the  purpose  of  having  brass 
or  copper  phigs  fixed  in  them ;  it  is  in  these  plugs  that  small  pieces  of 
steel  are  put^  on  file  outer  ends  of  which  are  turned  the  pivots  of  the 
inerge,  as  it  may  be  called.     The  cylinder,  so  far  as  it  is  described, 
may  be  seen  in  Plate  YUI.  No.  42.     A  1,  A  2,  is  an  edge  view  of  a 
cock  which  is  screwed  on  the  inside  of  the  pillar  plate,  and  A  1, 
A  2,  is  a  flat  view  of  it,  as  if  the  kneed  part  was  made  straight ;  on 
tiie  upper  surface  or  ]teit  A  1,  are  screwed  two  small  cocks,  c  c,  hav- 
ing each  a  jewelled  hole  in  it ;    c  2  is  an  edge  or  side  view  of  these 
smafl  codbB,  the  pivots  of  the  pallet  aibor  a  run  in  these  jewelled 
holes,  6  is  a  socket  formed  on  one  end  of  the  pallet  arm,  serving 
to  twist  it  on  the  arbor  a.      The  main  cock  with  the  small  cock^ 
c  e  must  be  so  placed  as  to  have  the  line  of  the  arbor  to  coincide 
with  the  dotted  line  represented  in  the  cylinder  as  its  centre.     Ano- 
ther main  cock,  the  same  as  A  1,  A  2,  is  screwed  on  the  inside  of 
the  for^late  of  the  clock  fiame,  having  small  cocks  on  it,  in  which 
runs  a  pallet  arbor,  and  pallet  arm  socket  twisted  on  it ;  the  line  of 
this  arbor  must  be  made  also  to  coincide  with  the  line  at  the  centre 
of  the  cylinder,  taking  up  the  vacant  space  as  seen  in  the  drawing  of 
the  cylinder.     The  small  cocks  which  are  at  the  extremes,  must  be 
firee  of  the  cylinder  inside,  and  of  the  plugs  in  the  ends  of  it ;  those 
in  the  middle  may  be  placed  as  near  to  each  other  as  may  be ;  one  of 
the  plugs    to  have  a  round  part  outside  of   the  cylinder,  turned    so 
as  that  the  crutch  may  be  twisted  on  it,  and  yet  a  small  degree  of 
riveting,  when  brought  to  its  position,  should  it  be  found  necessary. 
S  S   represents   the    swing  wheel ;   T  T  T    is   a    sort    of  anchor 
having  a  hook  to  it  for  the  purpose  of  twisting  it  on  to  the  cylin- 
der.   This    anchor  is  brought  up  pretty  close  to  the  plane    of  the 
swing  wheel ;  there  should  be  a  screw  in  the  upper  part  of  the  hook 
to  fix  it  to  the  cylinder.     At  that  part  of  the  anchor  represented  by 
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the  segment  of  a  ciTcle«  T  T,  are  pieces  kneed  up,  add  screwed  on 
at  the  ends,  an  edge  view  of  them  is  seen  at  ib,  and  extending 
equally  on  bodi  edges  or  tops  of  the  swing  wheel  teeth,  and  som^ 
what  beyond  them ;  in  these  kneed  up  pieces  is  set  a  diamond,  or  a 
bit  of  any  hard  stone,  against  which  a  screw  in  the^tails  of  the  pal- 
lets act ;  pph  represents  one  of  the  pallet  arb<N»  and  its  arm,  and  Pf 
one  of  the  pallets  with  a  tail  to  it,  in  which  is  a  screw,  the  end  of 
which  comes  outside  the  anchor  knee,  acting  occasionally  on  it  9 
p  p,  and  P  2,  is  a  side  view  of  (me  of  the  pallets  and  its  aim.  This 
part  of  the  'scapement  and  its  pallets  are  a  near  representation  of 
what  has  aheady  been  described ;  the  action  of  which  being  under« 
stood,  will  easily  be  appUed  to  this^  as  it  is  as  nearly  alike  in  bodi  as 
may  be»  The  pallet  arbors  being  placed  in  this  manner,  are  in- 
dependent of  the  motion  of  the  verge  and  pendulum;  and  in  its 
vibrations,  however  much  the  teeth  of  the  swing  wheel  may  press 
on  the  detents  or  nibs  of  the  pallets,  the  motion  of  the  pendulum 
cannot  be  affected  by  it  The  arms  of  the  pallets,  one  of  them  parti- 
cularly, will  require  a  kmd  of  crank  part  in  it,  in  order  to  bring  the 
pallets  into  the  plane  of  the  swing  wheel ;  and  with  the  acting  part  of 
the  anchor,  a  hollow  must  be  made  in  the  upper  part  of  the  anchor, 
to  give  freedom  to  one  of  the  pallet  arbors.  A  small  wei^t  is  put  be- 
hftid  each  of  the  pallets,  and  adjustable,  so  as  to  impress  more  or  less 
force  upon  the  pendulum. 

The  pendulum  to  this  clock  is  proposed  to  be  hung  in  a  fiame,  con** 
taining  friction  rollers  for  the  pendulum  to  vibrate  on^  such  as  have 
already  been  described  ;  and,  if  aU  the  pivot-holes  are  made  in  plum^ 
bago,  it  wiU  supersede  the  necessity  of  applying  oil  to  the  pivots :  The 
pieces  of  plumbago  should  have  a  slight  roasting,  so  as  to  dispel  any 
sulphureous  matter ;  otherwise  it  would  show  itself)  by  making 
the  frame  plates  of  a  dull  yellow  or  brownish  color,  round  where  the 
plumbago  pieces  are  inserted. 

Having,  in  our  proposed  'scapement^  adopted  graviQ^  as  the  main*" 
taining  force  to  keep  up  the  motion  of  the  pendulum^  it  might  be  so 
.  modified  as  to  do  this  and  no  more,  allowing  its  natural  influence  to 
be  as  wfaoUy  on  the  pendulum  ball  as  may  be.  If  we  use  the  verge 
and  crutch  with  an  anchor  on  th^  verge,  the  distance  between  the 
kneed  parts  at  the  end  of  the  anchor  arch,  which  discharge  the  lock- 
ing of  the  swing  wheels  may  be  made  so  near  to  each  other,  that  from 
the  return  of  one  pallet,  afler  impelling  to 'that  of  disengaging  the 
other,  the  pendulum  shall  vibrate  freely  and  independently  of  every 
thing  for  the  space  of  two  or  three  degrees,  the  whole  arc  being  sup- 
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pli9ed  to  be  four;  that  is*  two  degrees  on  each  side  of  the  pcMiit  of 
rest  In  this  mode  of  the  'scapement,  there  must  be  limits  or  bank* 
iqg  for  the  pallets  to  stay  on,  from  the  time  of  the  pendulum  leaving 
them,  and  during  the  interim,  till  the  return ;  this  might,  with  some 
propriety,  be  called  a  detached  'scapement  Perhaps,  during  the  mo* 
tionof  the  pendulum  going  through  an  arc  'of  half  a  degree  only»  it 
might  be  giving  too  little  time  to  discharge  one  pallet,  and  raise  up 
the  other ;  but  this  is  the  proportion  required  for  such  a  modification* 
If  no  verge  and  crutch  are  used,  the  length  of  the  segment,  or  piece 
fixed  on  the  pendulum  rod  for  discharging  the  swing  wheel,  may  be 
made  so  as  to  discharge  it,  and  even  allow  the  pendulum  to  vibrate 
freely  for  the  i^Mice  of  two  or  three  degrees.  Should  thirty-five  mi- 
nutes of  a  degree  be  found  too  litde,  perhaps  it  may  be  practicable  to 
di9ekarg^  and  roue,  through  an  arc  of  forty  or  fifly  minutes ;  but, 
even  to  do  this,  will  requkea  considerable  force.  But,  supposing  the 
discharge  of  one  pallet  or  detent,  and  the  raising  up  of  the  odier» 
could  be  done  in  the  course  of  the  pendulum  swinging  through  one 
degree,  the  force  required  to  dosocaimot  be  little:  this  would  give 
to  every  vibration  an  arc  of  two  degrees  to  swing  freely  throu^  and 
while  detached  from  every  thing  else*  It  may  be  observed,  that  the 
whole  time  given  for  the  swing  wheel  tooth  to  raise  a  pallet  up,  may 
be  taken  from  the  discharge  on  the  opposite  side  till  its  return  there* 
which  would  be  the  double  of  one  degree  ;  and  here  a  less  force  may 
be  required  to  raise  the  pallets  up  with  the  small  weights  attached  to 
them  than  it  would  otherwise  do. 

In  a  'scapement  of  this  kind,  where  an  anchor  on  the  verge  is 
used,  the  discharging  of  the  swing  wheel  fit>m  its  locking  takes  place 
at  34  minutes  of  a  degree  beyond  the  point  of  rest ;  during  the  time 
that  the  pendulum  swings  through  an  arc  of  one  degree  Snd  26  mi- 
nutes more,  the  swing  wheel  has  got  the  pallet  on  the  opposite  side 
raised,  and  the  time  before  it  can  be  again  unlocked,  the  pendulum, 
in  returning,  must  swing  through  an  arc  of  two  degrees  34  minutes. 

The  foipe  required  to  keep  a  pendulum  in  motion,  will  depend  on 
the  wei^  of  the  pendulum  ball ;  half  the  force  will  keep  a  pendu- 
lum in  motion,  whose  weight  is  only  12  lbs.,  that  wiH  be  required  to 
keep  one  in  motion  of  24  lbs.  'Scapements  in  general  have  more 
force  than  is  necessary  to  keep  the  pendukun  in  motion :  and  where 
this  is  the  case,  ii  must,  according  to  the  nature  of  the  'scapement, 
be  either  retarded  or  accelerated,— of  course,  the  pendulum  will  not 
be  so  much  under  the  influence  of  gravity  as  we  here  wish  to  pro- 
pose. Let  the  flanches  of  the  pallets  be  made  so  as  to  subtend  a 
small  angle,  they  will  then,  with  the  small  weights  attached  to  them, 
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be  easier  raised  up ;  and  having  a  litde  way  to  descend  and  impel 
the  pendulum,  the  force  may  be  made  sufficient  to  keep  up  the  mo- 
tion, and  yet  leave  a  great  part  of  it  free  and  detached,  and,  as  it 
were,  wholly  under  the  force  and  influence  of  gravity, — a  force  that 
must  be  very  uniform  and  constant 

Some  idea  of  the  expediency  of  allowing  gravity  to  exert  itself  as 
much  as  possible  on  the  pendulum,  may  be  taken  from  what  was  ob- 
served in  oin:  operations  with  the  spring  kind  of^  pallets,  by  showing 
the  difierent  effect  which  they  had  on  the  motion  of  the  pendulum, 
according  as  the  springs  were  set  strong,  or  less  so.  When  they  had 
somewhat  of  strength,  they  made  the  pendulum  to  vibmte  a  semi-arc 
of  about  2  degrees  10  minutes ;  and  here  the  clock  had  a  tendmioy 
to  gain  a  few  seconds  in  the  day;  setting  the  strength  the  smallest 
possible  degree  weaker,  it  gave  a  semi-arc  of  vibration  of  about  1  de- 
gree 50  minutes ;  with  the  shorter  arc,  the  clock  ought  to  have  gone 
faster  than  it  did  before,  whereas,  on  the  contrary,  it  went  slower,-^ 
the  influence  of  gravity  being  more  disturbed  in  the  first  case  than 
in  the  last  It  is  probable,  that  where  the  motion  <^  a  pendulum  is 
kept  up  by  a  force  just  sufficient  to  do  so,  and  no  more,  that  the  pen- 
dulum, in  this  case,  would  be  more  readily  affected  by  changes  in  the 
density  of  the  atmosphere,  than  it  would  be  were  the  case  otherwise ; 
yet  there  appears  to  be  no  reason  here  that  we  should  interfere  with 
the  influence  of  gravity  on  that  account 

When  the  ball  of  a  gridiron  pendulum  rod  should  happen  to  be 
rather  light,  the  performance  here  will  not  be  so  equal  or  so  steady 
as  with  a  heavier  one.  Indeed,  the  weight  of  the  entire  pendulum 
should  lie  as  much  as  possible  in  the  ball  itself,  that  t(  alone  may 
have  all  the  momentum,  or  force  of  motion.  Perhaps  the  regulari- 
ty of  some  clocks,  which  have  pendulums  with  a  wooden  rod,  besides 
having  little  or  no  variation  in  length  from  change  of  temperature, 
may  owe  a  great  part  of  this  to  the  small  proportion  which  the  weight 
of  the  rod  bears  to  that  of  the  ball, — ^these  rods  for  a  seconds  pendu- 
kim  being  seldom  much  heavier  than  an  ounce  or  two;  w^y^reas,  in 
some  compound  pendulums,  the  parts  composing  the  rod  will  'amount 
to  two,  three,  four,  or  even  five  lbs. — In  a  Treaiiae  an  Mechanics^ 
by  Dr.  Olinthus  Gregory,  Vol.  II.  p.  3S9,  Plate  XXIX.  Fig.  8,  a 
description  is  given  of  a  very  nice  gravitating  'scapement  of  Mudge's 
Contrivance. 

The  properties  of  a  good  'scapement  are,  that  the  impelling  force 
should  be  applied  in  the  most  uniform  and  direct  way,  and  with  the 
least  friction  and  loss  of  motive  power ;  that  it  requires  little  or  no 
oil,  and  that  the  oscillations  of  the  regulator,  whether  it  is  a  pendo- 
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luoi  or  a  balance^  be  made  in  aa  free  and  undistuibed  a  manner  as 
poisible.     The    nice  execution   required  in   a   'scapementf   whether 
for  a  clock  or  awatcht  fanneiXy  engrossed  so    much  of  the  atten- 
tion of  workmen,  that  they  in  some  measure  lost  sight  of  the  pro- 
perties of  the  pendulum,  as  well  as  that  of  the  spiral    or  balance 
spring,  and  thought  that  the  time-keeping  of  their  machines  depended 
more  on  the  'scapement  than  on  any  other  thing,  without  considering 
that  the  regularity  in  time-keeping  Ues  wholly,  or  almost  so  in  the 
pendulum  and  in  the  spiral  spring.      Berthoud  imputes  a  notion  like 
thb  to  Harrison,  for  attempting  to  make  the  'scapement  in  his  time- 
keepers,  so,  that  the  long  and   short  vibrations  should  be  made  in 
equal  times.    Whereas  he  says,  **  he  ought  to  have  looked  for  this 
in  the  isochronous  property  of  the  spiral  or  balance  spring.     But 
this  property  (he  adds)  was  unknown  at  that  time  to  the  English  ar- 
tists, and  was  a  discovery  of  those  in  France,  from  whom  the  Eng- 
lish artists  afterwards  obtained  it"    If  this  had  been  the  case,   how 
did  it  happen,  (and  thai  too   so  long  before  the  period  when  Le  Roy 
and  Berthoud  diaputed^  each  clainwng  tiie  merit  of  Jiaoing  fret  made 
the  dieeovery  of  thU  property  in  the  qnral  epring^)  that  Mudge  should 
have  mentioned  in  his  tract  published  in  1763,  "  that  the  pendulum,  or 
balance  spring,   from  physical  principles,  made  the  balance  perform 
the  k>ng  and  short  vibrations  in  equal  times?''    He  learned  this  from 
Dr.  Hooke's  works,  with  which  ho  was  well  acquainted  ;  for  this  pro- 
perty of  springs  was  known  to  Dr.  Hooke,  and  pointed  out  by  him 
upwards  of  an  hundred  years  before  Mudge  published  his  pamphlet 
It  is  but  too  true  that  few  or  none  of  the  English  artists  appear  to  have 
been  acquainted  with  these  properties  till  very  lately,  though  Mr.  Mudge 
had  adverted  to  them  so  long  before,  and  though  they  were  contained 
in  the  works  of  Dr.  Hooke.     Lepaute's  book  was  published  at  Paris 
in  1767 ;  and  it  does  not  contain  the  most  distant  hint  of  these  pro- 
perties o£  the  balance  spring ;  hence  they  were  not    known  there  at 
the  time  Lepaute  wrote,  otherwise  he   would  have  mentioned  them, 
being  a  man  of  genius  and  of  considerable  research.    It  was  about 
this  time,  or  soon  after,  that  the  disputes  commenced  between  Le  Roy 
and  Berthoud  regarding  this  subject 

Watch-finishers  always  made  the  pendulum  spring  f<nr  the  watches 
oi  their  own  finishing,  while,  at  the  same  time,  knowing  nothing  of 
its  properties,  the  general  practice  was  to  taper  them,  so  that  the 
coils,  while  bending  or  unbending,  should  preserve  an  equal  distance 
with  one  another ;  and  this  method  has  been  used  ever  since  the  ap- 
plieation  of  the  spiral  spring.  Those  wbo  finished  watches  for  Mudge 
and  Dutton  were  never  employed  to  make  the  ^nduhim  spring:  this 
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was  always  done  at  home  by  either  Mudge  or  Dotton  Ihemselves,  who, 
no  doubt,  endeavored  to  make  them  as  nearly  isochronous  as  possiUe. 
This,  among  other  causes,  perhaps,  gave  their  watches  the  celebrity 
which  they  at  that  thne  so  deservedly  acquired  . 

As  we  shall  soon  be  on  the  subject  of  remontoirs,  the  following 
history  of  them  may  not  be  impertinent : — ^The  pallets  of  the  'scape- 
ipent  at  the  turret  clock  in  Greenwich  Hospital  are  said  to  have 
been  contrive<)  by  Mr.  Smeaton,  civil  engineer.  The  following 
narrative  will  so  far  show  how  he  came  to  be  concerned  in  it  It 
may  be  observed  that  he  was  at  this  time  one  of  the  Commissioneni 
of  the  said  Hospital. 

The  turret  clock  which  is  in  the  cupola  of  Greenwich  Hospital, 
was  undertaken  by  the  late  Mr.  John  Holmes,  watch-maker,  Lon- 
don, and  executed,  under  his  directions,  by  Mr.  Thwaites.  But  be- 
fore any  thing  was  done,  Mr.  Holmes  consulted  two  gentlemen,  very 
intimate  friends  of  his ;  the  one  was  the  Rev.  Professor  Ludlam  of 
Cambridge,  the  other  Mr.  Smeaton,  both  of  whom  were  eminently 
qualified  to  give  suoh  advice  as  was  wanted  in  this  business,  iA>t  only 
about  the  'scapement,  but  how  every  part  of  the  clock  should  be  fitted 
up,  so  as  to  insure  safety  and  utility  in  its  performance.  Several  veiy 
long  and  masteriy  letters  (of  which  we  have  copies,  though  none  of 
the  originals  were  ever  published,)  passed  between  them  on  this  occa- 
sion, and  evince  much  ingenuity.  They  agreed  that  the  'scapement 
should  have  a  recoil.  Mr.  Smeaton  recommended  that  the  pallets. 
In  place  of  having  planes,  as  was  common  for  their  acting  parts, 
should  have  curved  surfaces, — ^the  leading  pallet  being  concave,  and 
the  driving  one  convex ;  and  when  the  pendulum  was  at  or  near  to 
the  extremity  of  the  vibration,  the  'scapement  should  then  be  neariy 
dead.  This  was,  he  said,  what  ''  old  Father  HindUy  ai  York  had 
ultimately  come  into."  Professor  Ludlam  advised  that  the  swing 
wheel  t€(eth  should  be  thick  and  deep,  and  of  such  a  shape  as  to  roll  on 
the  pallets,  and  not  to  slide  on  them,  which  iVould  prevent  biting  or 
wearing.  The  pallet  arms  were  of  brass,  made  so  as  to  put  it  in  the 
power  of  the  clock-maker  to  take  the  pallets  very  easily  out,  when 
repairing  was  necessary.  These  methods  had  long  before  thb  been 
used  by  Harrison,  and  were  adopted  in  a  clock  of  his  in  Trinity 
College,  Cambridge,  as  mentioned  by  the  Professor.  Broad  rub- 
bing surfaces  were  strongly  advised  by  them.  Mr.  Smeaton^  ai  thit 
period^  look  awaiy  gudgeom  from  a  miU  wheels  whose  diameUrs  were 
onJy  (too  and  a  hay  inches^  and  put  others  in  their  place  of  eight 
inches^  wiih  great  success^  as  it  afterwards  proeed.  On  the  same 
principles  which  have  just  been  mentioned,  was  the  'scapement 
niade  for  the  clock  which  the^  author  put  up  in  St  Andrew's  church. 
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Ediiibingfa ;  and  ahfaough  it  has  been  going  iffefi  on  to  forty  jean, 
there  ia  not  yet  the  smallest  appearance  of  biting  or  wearing  on  the 
pallets. 

'Scapements  have  been  diyided  into  classes,  one  of  which  has  been 
called  that  of  the  rtmorUoir  kind.  Now  the  mechanism  of  a  remon- 
toir  maj  be  applied  to  any  'scapement ;  and  even  then  it  can  hardly  be 
said  to  form  a  part  of  it,  more  than  the  wheels  of  the  movement,  or  the 
weight  which  impels  them. 

The  motive  force,  passing  through  the  wheels,  may  at  times  be  un- 
equaOy  impressed  upon  the  'scapement,  either  of  a  clock  or  a  watch. 
This  idea  gave  rise  to  the  invention  of  what  has  been  called  remonJUntB ; 
tfiat  is,  that  the  movement  should  at  intervals  be  made  to  wind  up  ei- 
ther a  small  weight,  or  bend  up  a  delicate  spring,  which  alone  should 
give  its  force  to  the  'scapement,  by  which  means  the  pendulum  or  bal- 
aifce  is  supposed  to  be  always  impelled  by  an  equal  and  uniform  force. 
The  eariiest  thing  of  this  sort  was  used  about  the  year  1600.  Huy- 
ghens  applied  it  to  some  of  his  clocks,  and  gives  a  description  of  it  in 
his  Horologium  OBciUatorium ;  and  Harrison  had  one  in  the  marine 
time-keeper,  which  gained  him  the  great  reward.  We  are  of  opinion 
that  they  are  of  no  great  use,  either  to  a  clock  or  to  a  spring  time-piece ; 
for  if  the  pendulum  of  the  one  is  well  fixed,  and  the  momentum  of  the 
ball  is  not  too  little,  any  small  inequalities  of  the  motive  force  through 
the  wheels  wUl  hardly  be  perceptible;  and  in  the  spring  time-keeper» 
the  isochronism  of  the  pendulum  or  balance  spring  is  sufficient  to  cor- 
rect any  inequalities  whatever  in  the  motive  force.  As  their  mechanism, 
however,  is  curious,  and  has  been  rarely  described,  it  may  not  be  unin* 
teresting  to  the  reader  to  have  an  account  of  it,  and  also  such  as  would 
enable  the  clock-maker  to  construct  and  adopt  it,  should  he  think 
proper. 

The  one  which  is  proposed  to  be  described,  is  that  which  we  contriv- 
ed for  the  clock  in  St  Andrew's  Church,  Edinburgh.  Suppose  a  small 
frame,  separate,  and  independent  of  the  clock  frame,  to  contain  two 
wheels,  one  of  which  is  the  swing  wheel,  the  frame  having  within  it 
the  'scapement  work  also.  The  other  wheel  is  crossed  out  so  as  to  be 
very  light,  the  rim  being  lefl  just  so  broad  as  to  admit  fixing  on  it  seven 
kneed  pieces  or  teeth,  each  about  a  quarter  of  an  inch  thick,  and  half  an 
inch  long,  three  of  which  are  on  one  side  of  the  rim,  and  four  on  the  oth- 
er side.  Three  on  each  side  have  the  knees  of  different  heights,  corres- 
ponding each  to  each ;  the  fourth  is  a  little  higher  than  either  of  the  third 
highest  The  wheel  on  which  these  are  fixed  has  a  tooth  prolonged  be- 
yond the  rim,  of  the  same  thickness  and  length  as  the  others,  making  eight 
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teeth  in  all,  having  a  small  space  left  between  each.    These  teeth  be- 
come as  it  were  so  many  wheels,  but  in  different  planes,  and  are  at  equal 
distances  from  one  another,  with  the  same  extent  of  radius  coming  to  the 
centre  of  the  swing  wheel  arbori  being  just  90  much  larger  than  that  of 
the  swing  wheel,  as  to  allow  the  swing  wheel  teeth  to  cleajr  the  aibor 
of  iL    The  edges  or  sides  of  the  teeth  which  rest  on  the  swing  wheel 
arbor  are  planes,  and  rounded  off  on  the  opposite  sides  to  the  point 
or  an^e  formed  by  this   plane.     The   arbor  of  the  swing  wheel  has 
eight  notches    cut  into  it  a  little  beyond  the  centre.    These  corres- 
pond to  the  eight  teeth  of  the  other  wheel,  and  are  sufficiently  wide 
and  deep  to  allow  the  teeth  to  pass  freely  through  them.    Each  notch 
stands  at  an  angle  of  45  degrees  to  the  one  which  is  next  it,  which 
difference  is  continued  along  the  arbor,   through  the  whole,  making 
860  degrees  for  one  revolution  of  the  swing  wheel*    On  each  of  the 
arbors  of  these  wheels,  is  fixed  a  pulley,  having  a  square  bottom^  in 
which  were  set  ten  hard  tempered  steel  pins,  a  little  tempered,  some- 
thing like  the  pulleys  at  the  old  thirty-hour  blocks,  but  the  bottom  of 
'vdiich  was  a  round  groove  in  place  of  a  square*    The  pendulum  was 
fixed  to  the  wall  of  the  steeple,  as  well  as  the  frame  containing  the 
'scapement  work,  and  with  the  apparatus  which  has  been  described. 
The  aibor  of  the  eight-toothed  wheel  had  one  of  its  pivots  prolonged 
with  a  square  made  on  the  end  outside.     The  clock  frame  containing 
the  movement  was  in  the  middle  or  centre  part  of  the  steeple,  and  a 
pinion  in  it,  which  represeoted  or  had  the  place  of  the  swing  wheel 
pinion ;  had  one  of  its  pivots  also  prolonged    and  squared   outside ; 
these  squared  parts  of  the  pivots  were  connected  by  a  steel  rod,  and 
Hooke's  joints.    The  main  weight  of  the  clock  being  put  on,  must 
urge  not  only  the  wheels  to  turn^  but  also  that  wheel  having  the  kneed 
teeth ;  and  some  one  or  other  of  these  teeth  pressing  on  the  arbor  of 
the  swing  wheel,  they  cannott  urn,  consequently  none  of  those  in  the 
large    frame  can  turn,  nor  can  the  swing   wheel  turn  here,    unless, 
some  other  means  are  used.     An   endless  chain  was  provided,  and 
passed  over  the  two  pulleys  fixed  on  the  wheel  arbors,  and  through  two 
common  pulleys,  to  one  of  which  is  hung  the  small  weight  that  is  to  turn 
round  the  swing    wheel,   and  to  the  other  a  counter  weight.      The 
weight  which  turns  the  swing  wheel  hc^  its  force  applied  on  that  side» 
so  as  to  make  the   niiieel  act  properly  with  the  pallets;  now,  while 
the  swing  wheel  is  turning,  the  pendulum  being  mpposed  in  moHan^ 
one  of  the  other  wheel  teeth  is  gently  pressing  on  its  arbor.    When- 
ever  this  tooth  meets  with  its  own  notch,  it  will,  by  means  of  the 
main  weight,    be  made    to  pass    quickly  through  it;  whUe  pamng^ 
the  small  weight  is  wound  up  a  litde  by  the  main  oner;  the  succeeds 
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iag  tooth  then  meetiDg  with  die  swing  wheel  aibor*  rests  on  it  for  a 
qusiter  of  a  niiniile«  tifl  its  notch  comes  about ;  it  then  passes  in  its 
turn,  and  so  on*  The  swing  wheel  nuikes  a  revolution  every  two 
minutes,  in  which  time  the  wheel  with  the  eight  teeth  makes  also  one. 
The  minute  hand*  by  this  mechuusniy  at  Uu  ime  of  ony  of  the  teeth 
fanmg  through  the  notehe$f  makes  a  start  every  quarter  of  a  mi«' 
ante ;  and  at  eveiy  such  passing,  the  small  weight,  as  has  been  stat- 
ed, is  wound  up  a  little  by  the  great  or  main  one.  After  the  clock 
had  gone  a  considerable  time  widi  this,  it  was  found  that  the  kneed 
teeth  got  a  httle  swelled,  or  staved  up,  on  their  parts  of  rest,  by  the 
force  of  the  main  weight,  mbkh,  made  them  fall  too  rapidly  on  the 
swing  wheel  arbor. 

To  reme^  this,  an  endless  screw  wheel  was  put  on  the  arbor  of  the 
remontoir  wheel,  or  ufhed  with  the   kneed  teeth^  working  into  an  up* 
ii|^  endless  screw,  on  the  upp^  end  of  whose  aibor  was  fixed  a  pret- 
ty laige  fly,  in  order  to  lessen   the  velocity  of  the  remontoir  wheeU 
and  make  the  kneed  teeth  fidl  gently  on  the  swing  wheel  arbor.    This 
helped  die  sw^ling  gready,   but   did  not  entirely    prevent  it  takmg 
place,  though  it  now  came  slowly  on,  and  existed  in  a  less  degree. 
The  endless  chain  had  also  a  tendency  to  wearfrst;  in  consequence 
of  dus,  and  no  provision  being  made  for  the  swelling  of  the  kneed 
teeth,  which  might  have  been  done  in  some  degree,  by  making  the 
notches  on  die  swing  wheel  aibor  much  wider  at  first  than  was  requir- 
ed for  them  when  newly  finished  and  first  applied,  this  part  of  the 
remontoir  was  taken  away,  and  the  rod  with  Hooke's  joints  was  put 
CD  the  square  of  die  pivot  of  the  swing  wheel  arbor  prolonged  on  the 
outside  of  its  fhime.    These  maftteis  being  previously  guarded  against, 
it  might  be  well  for  some  artist,  in  future,  to  try  such  a  remontoir. 
During  the  four  years  it  was  in  use,  the  clock  went  uncommonly  well, 
and  was  the  admiration  of  aU,  and  particulariy  a  gentleman  who  lived 
opposite  the  church,  who  was  an  amateur  in  horology.     One  of  our 
men  who  took  an  interest  in  this  clock,  said  it  did  not  do  so  well  afler 
the  remontoir  was  taken  away.    This,  however,  may  have  been  more 
owing  to  a  change  in  the  position  of  the  weights,  than  to  any  thing 
else,  occasioned  by  a  chime  of  eight  bells  being  put  up  in  the  steeple. 
For  the  weights,  in  place  of  having  their  natural  fall,  were  now  carried 
a  great  way  up  in  the  steeple  above  the  bells  .and  clock,  in  order  to 
ftil  down  again ;  and  here  a  complication  of  rollers  and  pulleys  became 
requisite. 

A  scheme  was  made  out,  to  make  the  rewinding  by  a  spring,  in  or- 
der to  get  rid  of  pullegrs  and  the  endless  chain,  but  being  a  diing  that 
is  nowise  lik^  to  be  adopted,  it  becomes  therefore  unnecessary  to 
de6<^b6  it. 
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Weobserve  a  model,  something  like  this,  has  lately  been  given  in  to 
the  Society  for  the  Encouragement  of  Arts,  &c.  by  an  old  and  excellent 
workman  of  our  own  hrioging  up.  See  YoL  XLII*  of  that  Society's 
Transactions. 

This  clock  was  put  up  in  the  beginning  of  the  year  1788;  aftef 
going  till  August  1796,  being  eight  years  and  three  qitartere  neorfaf, 
it  was  taken  down  and  cleaned  ;  during  the  period  it  had  been  gcnng^ 
two  sets  of  pins  in  the  rewinding  pulleys  were  nearly  worn  out  The 
endless  chain  seemed  also  to  wear  very  fiist;  in  short,  the  rewinding 
part  seemed  to  promise  much,  but  being  liable  to  so  many  accidents, 
frequently  causing  the  clock  to  stop,  firom  these  parts  wearing  sofiist, 
it  was  thought  proper  to  take  it  away,  and  to  connect  the  swing 
wheel  arbor  with  the  pinion  which  ran  within  the  main  frame ;  for  this 
purpose  the  swing  wheel  got  another  arbor,  with  one  of  the  pivots 
thick  and  prolonged  outside,  so  as  to  have  part  of  it  squared ;  between 
it  and  the  square  part  of  the  pinion  in  the  main  fi-ame,  a  connecting  rod 
with  Hooke's  joints  was  put,  by  this  means  an  immediate  commu« 
nication  took  place  between  the  main  frame  and  the  swing  wheel,—-' 
thus  removing  all  the  accidents  continually  attending  the  rewinding 
part  The  clock  nevertheless  seemed  to  perform  very  well:  the  pen- 
dulum being  firmly  fixed  to  the  wall  of  the  steeple,  certainly  contributed 
not  a  little  to  this« 

After  this  alteration  had  be^  made,  the  arc  of  the  pendulum's  vi^ 
bmtion  increased  veiy  much  beyond  what  it  was  before;  in  order  to 
bring  it  back  to  its  former  arc,  it  was  found  necessary  to  reduce  the  g<Mng 
weight  considerably.  Does  not  this  say  that  much  of  the  force  of  the 
main  wei^t  must  have  been  taken  up,  in  the  rewinding  of  the  small 
weight  which  carried  the  swing  wheel  forward  ?  May  not  this  be  the 
same  in  all  cases,  wh^e  a  rewinding  part  is  introduced,  such  as  in  Har« 
rison's,  Mudge's,  Haley's,  &c.  ?  They  are  all  on  the  same  principle, 
only  differently  modified. 

It  must  be  confessed,  that  in  the  apparatus  of  rewinders,  there  is 
an  appearance  of  their  giving  an  equal  impulse  at  all  times  to  the  re-' 
gulator  of  the  machine,  whether  it  is  a  pendulum  or  a  balance;  in 
our  experience  with  them,  they  have  always  been  found  so  £u  uselessy 
that  there  seemed  to  be  no  possibility  of  keeping  them  constantly  to 
their  purpose.  Having  in  one  instance  applied  to  a  spring  time-piece, 
a  rewinder  made  afler  that  of  Haley's,  and  notwithstanding  a  con* 
tinuance  of  repeated  trials,  and  every  thing  done  in  order  to  make  it  do 
what  was  intended,  yet,  afler  all,  it  was  at  last  found  reqmsite  to  take 
it  away. 

H  is  singular,  in  all  their  correspondence  ivith  Mr.  Holtnes,  neitheir 
Smeaton  nor  Ludlam  ever  once  hinted  of  applying  a  rewinder  to  the 
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turret  clock,  wUch  aA  that  time  was  in  hands  for  tiieRojal  Hoa^tal 
at  Greenwichf  seeing  tlie  great  anxiety  they  displayed  to  have  it  as 
complete  as  po88ft>le«  they  surely  were  not  ignorant  of  the  mechanism 
of  such  a  thing ;  Ludlam  in  particukr*  who  had  been  appointed  by 
the  Board  of  Longitude,  as  a  man  of  talent,  to  take  finom  Harrison 
an  explanation  of  the  mechanism  of  his  time-keeper ;  they  must  have 
known  something  of  the  ticklishness  or  fallibility  of  a  rewinder,  or 
perhaps  they  thought  it  of  little  or  no  use^  so  far  as  regarded  the 
making  of  a  strong  and  sound  dock.  At  the  time  we  were  making 
up  the  clock  for  St  Andrew's  church,  Mr.  Hohnes  veiy  kindly  sent, 
for  our  information,  the  letters  iHuch  Smeatonand  Ludfaun  had  writ- 
ten to  him,  when  he  was  engaged  with  the  clock  for  Greenwich  Hos- 
pital :  it  must  be  allowed  that  they  are  invalual:4e,  so  fir  as  regavds 
the  making  up  of  tunet  ck>cks»  The  late  Professor  Rofaison  having 
got  a  reading  of  them,  was  so  highly  (leased,  that  he  took  a  kind  of 
interest,  and  entered  into  such  ideas  as  he  thought  mgjai  improve 
the  clock  for  St  Andrew's  church ;  among  other  things,  he  suggested 
that  of  a  rewinder.  He  had  been  talking  to  the  late  Dn  John  Hut* 
ton,  and  the  celebrated  James  Wait^  (^our  making  up  the  dock, 
and  in  a  note  sent,  says,  ^  They  have  just  been  with  me,  and  have 
assured  me,  thai  the  tranqiarant  black  gun-JUni  is  of  prodigious 
hardness,  and  takes  an  exquisite  pohsh;  the  white  flint  is  not  near  so 
hard,  and  the  dull  black  flint  is  gritty.  Mr.  Watt  advises  to  make 
the  swing  wheel  of  hard  steel,  or  toughish  bell  metal;  because,  all  sort 
of  metab,  such  as  brass,  take  hold  of  the  dust  and  other  grinding  mat^ 
ters,  it  sticks  fast  on  their  surface,  and  hence  will  out  the  pallets. 
He  also  disapproves  of  friction  rollers  in  the  dtal-worfc,  b«<Nkuse,  when 
out  of  order,  they  cannot  easily  be  got  at  to  be  repaired.  He  recom- 
mended a  slip  of  thin  tanned  leather,  soaked  in  oil,  not  Umnd^  be- 
tween the  hour-hand  socket,  and  the  minute-hand  rod;  it  keeps  out 
all  wet  and  dust,  and  will  last  forever,  even  under  very  great  preasute, 
as  he  has  experienced  in  Aw  £ngYiMi.'' 

Professor  Robison  was  deservedly  allowed  to  be  a  very  able  philo- 
sopher, and  may  be  considered  to  have  been  more  or  less  an  adept 
in  all  the  sdences,  but  perhaps  had  not  that  experience  with  clocks 
which  Smeaton  and  Ludlam  seem  to  have  possessed ;  indeed  Smea- 
ton  was  bred  a  dock-maker  with  the  celebrated  Heniy  Hindley  of 
York. 

J>roiwiih8tanding  Mr.  WaWs  ohtervationi^  the  swing  wheel  was 
made  of  very  fine  brass,  and  the  pallets  of  steel  very  hard  tempered, 
and,  after  going  nearly  forty  years,  there  is  hardly  any  appearance  of 
biting  or  wearing  to  be  seen  on    them,  as  has  already  been  stated ; 
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it  18  true  AbA  tbe  'scapement  woik  and  its  frame,  were  ineloged  in  a 
wooden  box,  in  order  to  prevent  dust  getting  to  it  It  was  never  in 
our  contemplation  to  use  friction  rollers  to  the  dial  wheels ;  they  are 
however  fitted  up  in  such  a  manner,  that  neither  the  hour  wheel  socket* 
nor  the  rod' of  the  minute  hand  wheel,  can  tend  to  pinch  one  another 
in  their  end  shakes.  A  piece  of  leather,  however  thin,  could  not  well 
be  introduced  into  the  hour  wheel  socket ;  leather  might  have  been  put 
into  the  socket  at  the  centre  of  the  dial  where  the  hands  bear,  though 
with  no  great  pressure,  chiefiy  on  the  hour  hand  socket;  but  the  motion 
is  so  very  slow,  making  one  revolution  only  in  12  hours,  diat  even  hen 
leather  was  hardly  necessaiy. 

Having  said  so  much  about  rewinders,  we  may  give  Berthoud's 
opinion  of  them,  after  giving  the  description  of  the  'scu^pement  con- 
trived by  Mudge  for  his  time-keepers.  He  says,  "  The  combina- 
tion of  tills  'scapement  must  appear  seducing,  yet  it  is  to  be  suspect- 
ed, that  a  mechanism  so  com|dicated,  and  whose  eflfects  are  so  nice, 
cannot  be  easily  put  in  practice ;  for  it  requires  an  extreme  precision 
c^  execution  to  make  its  performances  sure,  such  as  the  stopping  of 
the  balance  wheel  teeth  by  the  nibs  of  the  palleti;  also  to  make 
dieir*  oaret  coinside  exactly  with  that  of  the  baknee,  the  pallets  in  re- 
winding, increasing  the  friction  of  the  regulator,  two  pivots  of  these 
pallets  are  constantly  in  action,  during  each  vibration,  which  comes  to 
be  the  same  thing  as  if  the  balance  had  four  pivots,  &c." 

**We  shall  observe,  moreover,  says  Berthoud,  that  the  regulator 
of  Mr.  Mudge  is  composed  of  four  spiral  springs,  two  for  the  pallets, 
that  is,  one  for  each  pallet  arbor,  and  two  for  the  balance,  and  these 
oug^t  to  obtain  isochronism;  (or  it  is  indispensably  necessary  in  a 
portable  machine,  that  the  oscillat]<Mis  of  unequal  extent  of  the  ba- 
lance should  be  isochrone ;  now,  if  they  are  so,  the  mechanism  of  the 
reMonlotr,  or  that  of  rewinding,  is  not  of  any  use ;  and  if  they  are 
not  so,  'the  dironometw  will  vary  nohoitlwtandihg  the  retotmbr, 
when  by  agitations  or  shocks  the  balance  shall  describe  the  greatest  or 
the  smallest  arcs,  and  when  these  arcs  shall  vary,  either  from  the  fric- 
tion of  the  pivots,  or  from  a  diange  of  force  in  the  spirals,  produced 
by  heat  or  by  cold,  &c.  See  ifistotre  de  la  Misurt  da  Tempa^  tom.  ii, 
p.  60. 

It  is  a  great  many  years  since  Mr.  Charles  Haley  took  out  a  pa- 
tent forarewinder ;  and  soon  after  this,  Mr.  Delafons  contrived  ano- 
ther, both  of  a  very  nice  construction,— a  description  of  which  is  given 
in  the  Transactions  of  the  Society  for  the  encouragement  of  Arts, 
Commerce,  and  Manu&ctures;  how  far  they  answered  the  end  pro- 
posed we  have  not  been  able  to  learn,  althouj^  our  utmost  endea- 
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vora  W6fe  ezmrtad  to  procive  dus  infonnalkML  A  yeiy  iagenious 
Omg  of  this  kind  htm  lately  been  put  to  a  chnmometer  by  Mr, 
SermgeoHTj  toaleJb-niaiber,  QUrngmtf  on  miid  of  conmckraUe  lotenlt 
am!  on  eHthnnaat  tn  Mt  ftofimtm,  idiich  appeara  to  promiae  well ; 
and  we  sincerely  with  thai  it  may  come  up  to  meet  his  most  «MyMw^ 
eapectatioiiB* 

Harrison^a  remontoir  was  a  veiy  delicato  apringt  whkdi  was  bent  or 
Voundup  eight  times  in  a  minute.  Were  it  necessaryt  a  more  pai^ 
ticalar  dtosciiptioD  could  be  given  of  it  tiian  m^iat  is  detailed  in  the 
desciiptioQ  of  Us  time-keeper.  In  Haley's,  the  remontoir  is  bent 
up  160  times  in  a  minute.  In  the  'scapement  of  Mudge's  marine 
time*keepers,  what  may  be  called  the  remontoir,  was  bent  up  300  times 
in  a  minute;  the  'scapement  here  became,  in  some  degree,  iriiolty 
the  renumlotr.  A  variety  of  dock  'scapements  may  be  seen  in  Thioolt 
and  in  some  of  the  modem  periodical  worim ;  yet,  for  the  puipose 
of  common  and  ordinary  sort  of  docks,  they  are  confined  chiefy  to 
those  of  the  dead  beat,  and  the  recoiL  Where  accurate  pedocmaiico 
is  required  and  expected,  some  may  have  recoune  to  'scapemenis  of 
a  different  description. 

About  the  year  1762,  Le  Roy,  Lepaute,  and  other  dodMnakeis 
in  Paris,  were  much  engaged  in  making  clocks  having  only  one 
vriiedin  them,  and  some  had  not  even  a  single  wbed  in  the  movemeHt 
part  They  were,  however,  moroexpensive  in  making,  and  perfem^* 
ed  much  worse  than  those  iriiich  were  constructed  in  the  oidinaiy 
way.  Simjdbnty  in  the  machinery  seems  to  have  been  their  chief 
object  It  requires,  however,  experience  to  know  what  siaq>]idtyin 
machinery  is;  although  apparently  more  simple,  a  dock  having  two 
niieels  will  not  be  equal  to  that  having  three  or  four;  yet  it  does 
notfollow,  that,  by  having  more  wheels,  the  clock  will  be  proportional- 
ly better.  It  has  already  heen  mentioned,  that  there  are  bounds  wUch 
cannot  be  overstepped  with  impunity. 

This  subject  cannot.be  better  exen^lified  than  by  making  acompa*' 
risen  of  one  of  Hindley's  docks  having  two  wheels,  and  the  pendu- 
lum giving  thirty  vibrations  in  a  minute,  witt  a  cloek  giving  the  same 
number  of  vibrations  in  the  same  time,  and  with  diree  wheels. 

The  first  or  great  wbed  in  one  of  Hindley's  had  180  teeth,  the 
second  or  swing  wheel  120,  and  die  pinion  8.  The  number  of  these 
teeth  and  pinion-leaves  amounts  to  308.  In  the  other,  the  wheds 
were  48,  40,  and  30,  with  two  pinions  of  8 ;  the  sum  of  these  is  134; 
the  difference  is  174,  being  the  number  of  teett  more  in  the  one 
dock  than  in  the  other,  and  which  is  greater  than  the  number  of  the 
teedi  in  the  three->wheeled  dock  taken  ahogedier. 

We  shall  now  proceed  to  give  a  short  account  of  such  watch  'scape- 
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meats  as  have  been  tfaou^t  worthy  of  notice,  from  the  ancient  crown 
wheel  and  verge  one,  to  the  modem  free  or  detached  'scapement; 
but  in  order  that  the  reader  may  be  able  to  follow  our  deecriptionSf 
we  have  given  from  Bertfaoud  a  «view  of  an  assemblage  of  wheels  and 
pinions,  to  represent  something  like  the  movement  of  a  watch  or 
small  time-piece*  They  are  contained  in  a  frame  made  for  the  purpose 
of  allowing  them  to  be  more  readily  seen.  D  £,  Bate  YIU,  No.  43« 
is  the  pillar  plate,  or  pillar  frame  plate ;  G  F,  the  fore  plate  of  the 
fmme ;  A,  is  the  balance ;  the  aibor  or  axis  on  which  it  is  fixed,  is 
the  verge,  whose  two  pallets  p  p,  'scape  with  the  teeth  of  the  crown 
wheel  C.  The  pivots  of  the  balance  turn  or  run  in  the  frame ;  those 
of  the  crown  wheel  C,  and  of  its  pinion  <2,  run  in  the  potence  I,  and 
in  the  counter  potence  H,  both  of  which  are  screwed  on  the  inside  of 
the  pillar  plate,  the  aib<Mr  of  the  pinion  d  being  at  right  angles  to 
the  axis  of  the  balance*  The  contrate  wheel  E,  and  its  pini<»i  c, 
turn  also  into  the  frame ;  the  teeth  of  the  contrate  ii^heel  pitch  into  tho 
baknee  (or  crown)  wheel  pinion,  and  can  turn  or  drive  it;  the  third 
wheel  L,  and  itd  |»nion  6,  run  in  the  frame ;  the  teeth  of  the  third 
wheel  pitch  into  the  contrate  wheel  pinion  and  turn  it  The  centre 
or  second  wheel  M,  and  its  pinion  a,  have  a  long  arbor  going  be- 
yond the  outside  of  the  dial  R  S.  The  second  whM  M  pitches  with 
the  third  wheel  pinion  i,  vAach  it  likewise  can  turn.  N  is  the  first  or 
great  wheel  pitchmg  with  the  second  wheel  pinion  a;  X  is  the  rat* 
chet,  m  the  click,  and  n  its  spring.  On  the  arbor  of  the  great  whed 
the  ratchet  is  fixed,  and  on  winding  up  the  main-spring,  the  ratchet 
and  aibor  turn  freely  in  the  hxAe  at  the  centre  of  the  great  wheel 
which  keeps  its  place  during  the  time  of  winding.  O  P  is  the 
main-spring  deprive^  of  its  barrel,  the  inner  end  of  it  hooks  on  to 
the  lower  part  of  the  great  wheel  arbor,  and  the  outer  end  is  hooked 
tothp  barrel,  put  is  here  fixed  to  a  temporary  stud.  The  force  of 
the  main-spring,  afler  being  wound  up,  sets  all  the  wheels  andjH- 
aions  in  motion,  and  would  oblige  the  ratchet  and  arbor  to  turn 
round  independent  of  the  great  wheel ;  by  this  the  main  spring  would 
be  instantly  unbent,  but  is  prevented  from  this  by  the  click  m  being 
forced  by  its  spring  n  to  fall  into  the  teeth  of  the  ratchet,  applying 
its  end  to  the  fac^  of  the  ratchet  teeth :  by  this  means  the  main 
spriag  must  unbend  itself  very  slowly,  the  motion  of  the  wheels  being 
checked  by  the  'scaping  of  the  verge  with  the  crown-wheel  teeth. 
Q  is  the  canon  pinion,  put  spring  tight  on  the  arbor  of  the  second 
wheel,  whose  socket  or  canon  goes  outside  or  beyond  the  dial,  where 
it  is  squared  for  the  purpose  of  the  minute-hand  being  put  on  it.  T 
is  the  minute  wheel,  g  its  pinion ;    the  canon  pinion  pitxches  into    or 
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heads  die  minute  wheel ;  the  hour  wheel  Y,  haying  a  hollow  aii>or 
or  socketv  f,  is  put  on  the  canon  pinion,  and  is  led  by  the  minute 
pinion,  which  pitches  into  its  teelh.  It  is  on  the  socket  of  the  hour 
wheel,  which  comes  a  little  above  the  dial,  that  the  hour-hand  is  put 
When  a  wheel  pitches  with  a  pinion,  and  turns  it,  the  pinion  is  said 
to  be  driven  by  the  wheel ;  if  the  pinion  turns  the  wheel,  the  wheel 
is  then  said  to  be  led  by  the  pinion.  No  pendulum  or  balance  spring 
being  at  the  movement,  (No*  48.)  yet  we  may  suppose  one  to  be  so, 
having  its  inner  end  fixed  to  a  collet,  which  goes  spring  tight  on  the 
axis  of  the  balance  ;  the  outer  end  is  fixed  or  pinned  into  a  stud  fixed 
on  die  inside  of  the  fore-plate.  In  the  action  of  the  crown-wheel  teedi 
on  the  pallets,  the  balance  spring  is  either  bent  up  or  unbending ;  it 
is  by  the  small  force  of  it,  diat  the  balance  is  made  to  give  twice  the 
number  of  vibrations  in  a  given  time  that  it  would  give  without  it  I< 
should  have  been  observed,  that  by  putting  a  key  on  the  square  of  the 
canon  pinion,  and  turning  it  about,  diis  will  not  only  move  the  minute 
hand  round,  but  will  oblige  the  hour  hand  to  follow  slowly,  in  the  ratio  of 
one  turn  to  twelve  of  the  minute  hand. 

The  first  watches  may  readily  be  supposed  to  have  been  of  rude 
execution.  Having  no  pendulum  spring,  and  only  an  hour  hand, 
and  being  wound  up  twice  a  day,  they  could  not  be  expected  to  keep 
time  nearer  than  16  or  20  minutes  in  the  twelve  hours.  After  die 
application  of  the  pendulum  spring,  they  would  no  doubt  go  con- 
sidenibly  better,  and  may  now  be  made  to  keep  time  sufficiendy 
correct  for  the  ordinary  purposes  of  life.  Indeed,  when  the  crown 
wheel  and  verge  'scapement  is  executed  with  care,  it  will  do  uncom- 
monly well.  Let  the  angle  of  the  vergQ  be  96  degrees  or  upwards,  the 
teeth  of  die  crown  wheel  undercut  to  an  angle  of  29  or  30  degrees, 
and  'scaped  as  near  to  the  body  of  the  verge  as  just  to  be  clear  of  it ; 
(it  is  to  be  understood  here  that  the  verge  holes  are  jewelled.)  To 
carry  the  matter  still  tardier,  the  body  may  so  far  be  taken  away  as 
to  admit  the  teeth  near  to  the  centre,  which  will  tend  to  allow  the 
vibrations  of  the  balance  to  move  more  freely  and  independendy ; 
but  this  requires  such  nice  execution  here,  and  in  other  parts  of  the 
^mapemeni,  that,  from  not  having  encouragement,  few  are  fit  to  exe- 
cute it,  and  therefore  it  may  in  general  be  safer  not  to  bring  the  wheel 
teeth  so  near  to  the  body  of  the  verge.  Care  must  also  be  taken  to 
have  the  balance  of  a  proper  diameter  and  weight,  which  has  of  late 
been  much  neglected,  since  the  old  fashion  of  half-timeing  has  been 
left  off;  that  is,  making  the  watch  go  without  the  pendulum  spring, 
— ^if  it  goes  slow,  30,  32,  or  33  minutes  in  an  hour,  the  balance  may 
be  considered  of  such  a  weight,  as  to  be  in  no  danger  of  knocking  on 
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die  baddiig,  from  aaj  external  motion  die  watch  may  meet  widi  in 
fair  wearing*  When  die  pallets  of  the  veige  are  banked  on  pioa  in 
the  potence,  diey  shouldy  to  prevent  atiainingt  both  bank  at  the  same 
time,  alternately  the  face  of  one  pallet  on  a  pin*  when  the  back  ef  the  odier 
is  on  its  pin,  or  the  banking  may  be  done  in  the  rim  of  the  balance,  bat 
not  near  the  edge  of  it  Which  of  the  two  is  preamble,  we  shall  not 
stop  to  determine. 

The  verge  watch,  as  has  been  already  said*  will  perfonn  extremely 
well,  Aboat  40  years  ago  nearly,  we  had  some  of  them  made  up  in 
such  a  way,  that  they  went  fully  as  well  as  any  horizontal  'acapemeni, 
and  for  a  longer  time, — this  last  requiring  oil  to  the  cylinder  after  g^ 
ingten  or  twelve  months*  Oil,  however,  should  never  be  allowed  to 
come  near  the  whe^  teeth  or  pallets  of  a  verge.  Teige  or  oontrale 
wheel  watches  have,  of  late  years,  been  very  much  overlooked  and 
neglected  in  many  respects,  and  in  n<xie  nuHe  so  than  in  the  relative 
position  of  the  balance  wheel  and  contiate  wheel  arbors.  They  are 
rarely  seen,  but  at  a  considerable  distance  from  one  another,  whidi 
gives  a  very  oblique  direction  in  the  pitching  of  the  oontrale  wheel 
widi  the  balance  wheel  pinion.  It  is  well  known,  that  where  force  is 
indirecdy  or  obliquely  applied,  it  will  woric  under  great  disadvantage. 
These  arbors  ought  to  be  placed  as  near  to  each  other  as  can  be.  In 
order  to  obtam  this,  reduce  die  balance  whed  pinion  aibor  Unoard$ 
i^  end  to  (he  mmUeat  am  it  vnU  hear ;  and,  turning  a  hoUow  out  of 
that  of  the  contrate  wheel  aibor,  this  will  allow  them  to  come  very 
near  the  line  of  thdr  centres.  To  get  this  pitching  to  the  greatest  ad- 
vantage, some  place  their  countei^potence  within  the  rim,  and  near  the 
arbor  of  the  contrate  wheel,  'so  as  to  have  the  line  of  the  balance-whed 
pinion  direct  to  the  centre  of  the  cotUrate  wheels  as  may  be  seen  in 
Plate  Tin.  No.  43. 

It  has  been  recommended  by  a  veiy  celebrated  artist,  that  the 
movement  wheels  should  be  placed  in  such  a  manner  as  to  act  at 
equal  distances  from  the  pivots  of  those  pinions  vAach  they  drive,  in 
order  to  divide  the  pressure  or  acdon  of  die  wheel  between  the  pivots, 
and  that  one  pivot  should  not  bear  more  than  the  other.  Thisisafh 
parendy  sound  reasoning ;  but,  having  put  it  in  execution,  the  pivots 
unexpectedly  seemed  to  wear  veiy  &st,  even  more  so  than  in  the 
common  barred  movement, — ^the  pivots,  it  is  true,  were  small,  and 
the  motive  force  mther  great  It  is  to  be  wished  that  a  further  trial 
should  be  made,  to  bring  it  completely  to  die  test  No  pivots  have 
been  found  to  stand  so  well  as  those  in  movements  of  the  double  bar- 
red sort 

A  pendulum  spring  collet,  made  as  it  ought  to  be,  is  as  seldom  to 
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be  met  witht  as  dnt  which  we  have  noticed  regarding  the  postUont 
of  the  coBtrate  and  balance  wheel  arbon.  Yett  simple  as  tfie  thing 
is,  it  seems  to  require  a  rule  to  show  how  U  ^loM  he  cbme,  there 
wppetaiDg  to  be  no  such  rule  at  present,  if  we  may  judge  by  the 
greater  part  of  those  wUtdkt  have  hitherto  been  made*  The  ring  of 
the  coHet  should  be  no  broader  than  to  allow  a  hole  to  receive  the 
pendulum  spring  and  pin  which  fixes  it  The  M  made  in  the  collett 
for  the  pmpose  of  its  being  always  spring  ti^^t  on  the  outside  taper  of 
a  cylindeTy  or  verge  eollet«  tapered  a  little  inwards,  should  be  put 
cloee  to  where  the  small  end  of  the  pin  comes,  when  the  spring  is 
pinned  ftst  in.  The  penduhon  spring  in  this  case  will  have  the 
first  or  inner  cdl  at  such  a  distance  as  to  allow  the  point  of  a  smaU 
soew-driyer  to  get  into  the  sKt,  without  any  danger  to  the  spring, 
when  it  is  wanted  to  set  the  collet  and  spring  to  any  required  place. 
If  the  slit  is  put  at  the  other  end  of  the  pin,  where  it  is  <^lener  than 
any  where  dse,  it  is  evident  that  the  woikman  cannot  get  into  it 
widiout  danger  to  the  spring.  The  outer  end  of  the  pendulum  spring 
ought  to  be  pinned  or  fixed  into  a  brass  cock  or  stud ;  in  perfbnning 
this  operaticMi,  it  goes  easOy  on,  whereas,  widi  steel  cocks  or  studs, 
there  is  a  crossness  or  trouble,  which  shows  that  they  should  neyer 
be  used,  independent  of  odier  reasons  that  nn^^t  be  urged.  These 
studs  and  cocks  are  in  general  veiy  improperiy  placed,  being  put 
at  a  greater  distance  from  the  cuib  fnns  than  is  requisite.  We  have 
seen  this  distance  so  great,  that  the  motion  of  the  pendulum  spring 
between  the  stud^  and  the  pins  was  such,  as  to  take  away  a  part  firom 
eveiy  vibration  of  the  balance ;  which  is  something  like  a  pendulum 
when  suspended  to  a  vibiatoiy  or  iU  fixed  cock,  where  it  would  not 
be  allowed  to  have  half  the  motioni  it  woqld  have  otherwise  ac*> 
quired. 

A  few  years  ago,  our  modem  improvers  would  have  die  joint  trans- 
feired  from  the  piUar-plate  to  the  brass  edge ;  nothing  worse  could 
have  been  proposed.  In  the  old  way,  the  whole  of  the  movement 
was  kept  in  its  place,  by  the  united  assistance  of  the  joint,  and  of 
the  boH  and  its  spring ;  whereas,  in  the  other  way,  the  movement  has 
its  sole  dependence  on  die  pins  of  the  brass  edge  feet,  from  idiicb 
it  finequently  would  be  disengaged,  by  violent  exercise  on  horseback,  fcc. 

From  iduKt  has  been  said  of  the  impeifections  in  watches,  it  may 
be  seen,  that  they  inevitably  arise  firom  the  want  of  that  eneigy  of 
mind  in  workmen,  of  v^ch  not  one  in  a  hundred  is  possessed.  Can 
it  dien  be  supposed  that  eveiy  new  watch  idiicfa  is  purchased  is  com- 
plete and  requires  no  assistancet      Whoever  thinks   so,  must,   and 
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will  be  disappointed.    On  finding  it  not  go  as  they  eipected,  bfing  it 
to  some  watch-maker  or  other*  many  of  wh<Mn  cannot  put  it  in  a  better 
state  than  that  in  which  the  workman  or  finisher  gave  it  as  complete. 
But  it  is  brought  to  him,  not  with  the  view  of  having  any  thing  done 
to  iU  OS  Uis  wpposBd  to  require  notkingj  but  merehf  to  tee  what  is  the 
maUer  with  it,  never  considering  that  any  irregular  going,  or  stopping, 
must  imply  some  fault  or  other,  and  is  the  very  cause  that  brings  them 
to  the  watch-maker.     It  does  not  follow,   however,  fix>m  this,  that 
every  watch  which  stops  is  badly  executed ;  this  will  ht^pen  sometimes 
with  those  of  the  very  best  execution,  and  firequently  from  an  oo«r- 
nicety  of  the  finisher.     On  the  watch  being  1^  he  (the  watch-maker) 
takes  it  down,  examines  it,  and  reports  accordingly  what  is  necessaiy 
to  make  it  keep  time.    The  owner,  on  being  told  afterwards,  that  it 
will  cost  so   much  to  make  it  do  what  is  required,   frequently  and 
strongly  suspects,  thou^  he  may  be  polite  enough  not  to  say  so,  that 
there  must  be  some  imposition  on  the  part  of  the  watch-maker.    Mudi 
is  the  trouble  many  watch-makers  have  of  rectifying  the  faults  of  woik 
given  in,  and  laige  sums  paid  for  such  alteration  of  work  thought  ori- 
ginally to  have  been  complete*    We  have  known  four  guineas  paid  to  a 
workman  for  doing  a  particular  branch :   and  it  not  being  executed  to 
the  satisfaction  of  the  watch-maker,  he  has  given  half  as  much  more  to 
another  to  have  it  corrected.    There  are  as  few  who  excel  in  this  art, 
as  in  those  of  sculpture,  painting,  and  engraving,  which  are  called  the 
fine  arts, — a  name  to  which  watch-making,  in  every  sense  of  the  word, 
is  equally  entided,  but  which  labors  under  the  great  misfortune  in  not 
being  properly  seen,  that  few  or  none  are  enabled  to  appreciate  the 
merits  even  of  the  finest  executed  piece.    This   will   ultimately  sink 
the  profession  to  nothing,  which,  we  are  afraid,  it  is  daily  doing,  and 
80  much  so,  that  no  young  man  can  now  be  found  to  go  to  it  who 
has  got  the  smallest  degree  of  education,  or  of  ingenuity ;  and  when 
the  provincial  towns  dechne  to  give  their  quota  in  this  way,  the  csp 
pitals  will  not  be  able  to  support  the  character  that  such  a  profession 
requires,  from  want  of  a  supply  of  hands. 

The  old  'scapenient,  even  afler  the  application  of  the  pendulum, 
and  of  the  pendulum  spring,  not  giving  that  satisfiiction  which  was 
required  or  expected,  induced  both  Hooke  and  Huyghens  to  think  of 
other  means  of  improving  it,  or  to  substitute  a  superior  mechanism  in 
its  place.  In  this  pursuit  the  mechanical  talents  of  Hooke  stood  con- 
spicuously eminent  over  those  of  the  justly  celebrated  Huyghens. 
Some  of  the  movements  of  Huyghens'  watches,  or  time-keepers,  were 
much  larger  than  those  of  our  box  chronometers.    The  contiate  wheel 
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was  cut  into  teeth  of  the  same  iorm  as  tbose  of  the  common  crown 
wheely  and  made  to  'sci^  with  a  TOrge  of  the  usual  kind.  On  the 
axis  of  this  verge  was  a  sort  of  contrato  or  crown  wheel,  having  teefli 
like  the  orvfinary  contrate  wheel,  which  drove  a  pinion  fixed  on  the 
axis  of  the  balance.  The  verge,  when  'scaping  with  its  wheel,  caused 
the  balance  to  make  several  revolutions  from  every  impulse  on  the 
pallets ;  some  of  them  had  no  pendulum  spriilg,  having  been  made 
perhaps  before  its  api^cation.  When  the  balance  made  several  re- 
volutions in  every  vibration,  each  being  two  seconds,  this  'scapement 
would  be  but  ill  suited  for  the  coils  of  a  pendulum  spring.  Those 
having  the  pendulum  spring  appeared  about  1675.  This  was  the 
origin  of  the  hal&timeing  which  we  have  alluded  to,  upon  seeing, -ftat 
when  the  pendulum  spring  was  applied,  it  made  the  balance  give  two 
vibrations  in  the  same  time  that  it  gave  one  without  it;  a  pafticular 
reference  to  Plate  Till.  Na  44,  may  tend  to  show  the  action  of  this 
mechanism  still  better  than  what  has  been  given  or  said  of  it  In 
the  frame  A  B  is  contained  the  contiate  wheel  £  E,  whose  teeth, 
in  place  of  being  of  the  ordinary  form,  are  like  the  comnion  crown 
wheel  teeth,  and  'scape  with  the  pallets  on  the  verge  /  e;  mi  it 
is  riveted  an  ordinaiy  contiate  wheel  D  D,  whose  teeth  pitch  in  witfi 
the  pinion  d  c ;  the  pinion  being  the  uqs  of  the  balance  C  C,  kept 
in  its  place  by  a  cock  of  the  usual  ^nd,  the  foot  pivot  turning  in  the 
lower  firame  plate ;  a  a  represents  the  pendulum  spring  as  seen  edge- 
wise. 

About  the  same  period.  Dr.  Hooke  brought  into  notice  his  watch 
with  a  new  'scapement,  which,  for  seventeen  years  before,  he  had 
been  privately  endeavoring  to  improve.  This  was  very  different 
from  the  old  crown  wheel  one,  and  as  much  so  from  that  of  Huygbens^ 
It  had  two  balances,  on  the  axis  of  each  was  a  toothed  wheel  pitch- 
ing into  one  another  ;  (he  verge  or  axb  of  these  balances  had  each  a 
pallet  on  it:  The  balance  wheel  was  flat,  having  a  few  ratchet  or  saw- 
like teeth ;  its  arbor  run  within  the  frame,  parallel  to  those  of  the  ba- 
limces,  at  a  point  equally  distant  from  their  centres ;  the  three  points 
forming  as  it  were  the  angles  of  an  eqtulateral  triangle.  When  a 
tooth  of  the  balance  wheel  gave  impulse  on  one  pallet,  the  other,  by 
the  pitching  of  the  two  wheels,  was  brought  about  to  meet  another 
tooth,  after  Ihe  wheel  had  escaped  from  the  pallet  on  the  opporiU 
side^  ia  order  to  receive  impulse  in  its  turn.  There  was  a  pendulum 
spring  on  one  of  the  balances,  and  the  object  of  their  being  pitched 
together  was  to  prevent  the  effect  of  external  motion  on  them,  whfle 
it   served  the  double  purpose  of  bringing  alternately  about  the  pal* 
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lets,  and  still  gate  some  little  recoil  to  the  wheels  by  the  reaction  o( 
the  balances.  Although  this  was  a  very  ingenious  contrivance  for 
a  'scapement,  yet  it  appears  not  to  have  given  that  satisfection  which 
was  expected,  probMy  from  indiffereni  execution^  cw,  from  SuUey^s 
accauntj  toa»  the  case^  and  the  old  one  was  again  resumed.  However, 
some  years  afterwards,  other  artists,  among  whom  was  DuUrlre^  were 
attracted  by  this  'scafement  of  Dr.  Hooke's,  and  were  led  from  time 
to  time  to  make  improvements  on  it.  From  it,  originated  the  duplex 
'scapement,  which  has  of  late  years  been  so  much  in  repute.  A  large 
old  German  clock  had  a  'sci^pement  on  the  same  principle  as  the  above, 
of  which  the  maker's  name  is  unknown;  see  Thiout,  torn.  1.  p.  110, 
af|d  Plate  XLIII.  Fig.  31.  Dr.  Hooke's  claim  to  his  own  'scapement 
remains  however  undisputed. 

Thefiimous  Tompion  (who  was  upwards  of  sixty  years  in  business, 
as  a  watch-maker,  in  London,  and  who,  by  his  labors,  contributed 
greatly  to  the  reputation  that  the  art  had  acquired  in  England)  made 
a  'scapement  about  1695,  and  flattered  himself  by  its  succeeding  as  an 
improvement  The  verge,  or  axis  cf  the  balance,  was  a  small  solid 
steel  cylinder,  cut  across  at  the  middle,  and  neariy  half  way  down ; 
in  the  longitudinal  direction  of  the  cylinder,  a  deep  angular  notch 
was  made,  forming  a  sort  of  pallet  on  the  left  hand  side  ;  the  balance 
wheel  was  flat,  and  much  like  Dr.  Hooke's,  the  spaces  between  the 
teeth  sufliciently  wide  to  allow  the  cylinder  to  turn  freely  between 
them.  When  a  tooth  of  the  wheel  had  impelled  the  pallet,  on  'scap- 
ing from  it,  the  following  tooth  dropped  on  the  outside  of  the  cylinder 
near  the  right  edge,  resting  on  the  cylinder  during  this  vibration  of 
the  balance ;  after  passing  the  right  edge,  and  meeting  a  little  recoil, 
it  got  again  on  the  pallet  and  gave  a  new  impulse,  which  took  place 
only  at  every  second  vibration.  An  excellent  property  was  observed 
in  this  'scapement,  that  any  inequalities  in  the  motive  force  made  no 
deviation  in  its  time-keeping ;  but  the  friction  of  the  balance-wheel 
teeth  on  the  cylinder  and  its  edges,  was  so  great  and  destructive,  that 
it  was  given  up  in  consequence. 

Knowing  what  Tompion  had  been  doing,  being  bred  under  him^ 
Graham,  a  good  many  years  after,  set  to  work  with  the  cylinder 
'scapement,  and  ultimately  succeeded.  Although  this  'scapement  is 
now  pretty  generally  known,  yet  we  may  be  allowed  to  give  an  ac- 
count of  what  he  did.  In  place  of  Tompion's  solid  cylinder,  he 
made  a  hollow  one,  see  Plate  III.  No.  18 :  On  the  points  of  Tom- 
pion's wheel  teeth  were  raised  something  like  small  pins  or  stems,  on 
the  tops  of  which  a  sort  of  inclined  or  wedge-like  teeth  were  formed. 
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of  fluch  a  length  as  to  have  a  very  litOe  freedom  when  in  the  inaide  of 
the  cylinder,  and  the  outaide  of  the  cjlinder  to  have  the  same  (ree^ 
dom  between  the  point  of  one  tooth  and  the  heel  of  the  other.  A 
notdi  or  opening  was  made  across  the  cylinder  not  quite  half  way 
down  the  diameter ;  the  edges  of  the  cjiinder  made  by  this  opening, 
were  dressed  so  that  the  curved  edge  of  the  tooth  might  operate  easi- 
ly on  them ;  the  left  hand  edge  was  flanched  outward,  the  right  hand 
rounded ;  when  the  balance  was  at  rest,  and  the  wheel  in  its  place  to 
'scape,  the  point  of  the  tooth  got  then  just  in  on  the  cylinder  edges 
and  no  more ;  a  second  noteh  was  made  below  the  other,  to  allow  tl|p 
bottom  of  the  wheel  to  pass,  leaving  hardly  a  fourth  of  tte  circum- 
ference of  the  cylinder,  the  other  leaving  more  than  a  seniicircle. 
The  highest  part  of  the  wedge  or  curved  teeth  being  in  a  circle,  greatei 
or  beyond  that  on  which  the  point  was,  it  is  evident,  that  if  the  wheef 
is  urged  forward,  it  will  make  the  c^inder  to  turn,  and  the  angle 
of  'scapement  will  be  according  to  the  height  of  the  wedge :  when 
a  tooth  of  the  wheel  escapes  from  the  right  hand  edge  of  the  cy- 
linder, the  point  of  it  falls  into  the  inside;  after  reposing  there,  it 
then  passes  and  impels  the  left  hand  edge ;  on  esci^ing  it,  the  point 
of  the  succeeding  tooth  drops  on  the  outside  of  the  cylinder  where 
it  reposes ;  on  the  return  of  the  balance,  it  gets  on  th^  right  haiid  edge^ 
giving  a  new  impulse,  and  so  on ;  the  teeth  impel  on  both  edges  of 
the  cylinder,  giving,  by  each,  a  vibration  to  the  balance.  See  Plato 
III.  No.  18.  B  is  the  balance,  A  the  cylinder,  1,  2,  its  pivots,  F 
the  cylinder  or  balance-wheel  pinion,  the  curved  part  of  the  wheel 
teeth  are  particularly  marked  at  a,  6,  and  c. 

This  'scapement  being  the  best  of  any  that  had  preceded  it,  jDo- 
baufre'a  perhaps  exceptedj  procured  for  Graham's  watohes  a  very 
considerable  reputation,  as  their  performance  was  much  superipr  to 
that  of  the  old  construction.  However,  on  comparing  the  going  of 
some  of  Graham's  with  those  of  a  later  date,  we  confess  that  none  of 
his,  though  excellent,  were  ever  equal  to  them  in  performance.  The 
cylinders  were  rather  large  in  diameter,  the  balances  too  light,  the  mo- 
tive force  too  weak,  and  he  had  great  difficulty  in  obtaining  good 
pendulum  spring-wire,  meeting  sometimes  with  iron  where  he  expect- 
ed steel-wire.  Watohes  having  the  cylinder  'scapement  were  not 
known  in  France  till  1728,  when  Julien  Le  Roy  commissioned  one 
of  them  from  Graham :  They  wens  losing  their  character  here  some- 
time before  the  introduction  of  the  duplex,  which  contributed  after- 
wards still  more  to  lessen  their  value :  The  duplex  will,  in  its  turn, 
be  supplanted,  for  reasons  whieh  will  be  afterwards  noticed.  Flat 
movements,  shallow  balance  wheels,    steel  and  brass  of  bad  quality. 


SS8  WCIGHT    AVD    DIAHCTKR   OF    THE    BALJJfCC. 

(from  the  difficulty  of  getting  them  good,)  injudicious  execution^  and 
low  piicesy  must  have  tended  to  make  the  cylinder  'scapement  so  bad 
as  they  have  been  of  late ;  many  of  the  cylinders  were  destroyed  and 
cut  to  pietes  in  a  few  years,  and  some  of  them  could  not  last  so  long. 
Let  these  be  compared  with  the  cylinder  'scapements  of  old  HuU^  a 
cylinder  ^scapemeni-^fiaker  in  Londxm^  many  of  which  we  have  seen^ 
after  having  been  in  use  thirty  years  and  upwards,  with  little  or  no 
impression  even  on  their  edges.  In  what  did  Hull's  art  consist? 
There  must  have  been  some  causes  for  it,  but  what  these  are  we  shall 
not  attempt  to  conjecture.  Like  Graham,  with  whom  he  was  instruct- 
ed, Hull  soldered  in  the  plugs  of  his  cylinders  with  silver  solder, 
which  caused  a  veiy  tedious  process  in  the  course  of  finishing  th»  cy- 
linder; but  this  is  not  offered  as  any  reason,  or  the  cause  of  his  ex- 
celling in  the  art  of  cylinder  'scapement  making.  The  acting  edges 
of  the  teeth  have  hitherto  been  made  too  thin,  particularly  for  steel 
cylinders,  with  the  view  of  lessening  the  friction;  but  this  was  evi- 
dently going  on  an  erroneous  principle.  The  friction  was  increased 
by  the  rapid  cutting  of  the  cylinder,  and  was  worse  than  if  the  teeth 
had  had  thicker  working  edges,  which  would  have  made  the  friction 
more  constant,  and,  of  course,  less  Uable  to  cut  the  cylinder. 

When  the  vibrations  of  the  balance  are  at  the  lowest  point,  the 
resistance  of  the  f^endulum  spring  is  at  the  least ;  but  the  more  it  is 
bent  or  unbent,  the  greater  is  the  resistance ;  consequently,  when  at 
the  height  of  the  wedge  or  tooth,  it  is  greater  than  when  the  tooth 
first  begins  to  act  Two  or  three  different  curves  for  this  purpose 
have  been  imagined;  one  approaching  nearly  to  a  right  line,  which 
is  supposed  to  give  the  wheel  time  to  acquire  a  velocity  during  the 
passing  of  two-thirds  of  the  curve  and  the  least  resistance  of  the 
spring,  by  which  the  other  third  is  more  readily  overcome,  when  the 
resistance  to  it,  is  greatest  This  has  been  thought  to  give  a  greater 
extent  to  the  arc  of  vibration,  and  has  been  adopted  by  the  French 
artists.  Another  curve,  where  equal  spaces  make  the  balance  de- 
scribe equal  'portions  of  a  circle,  is  thought  to  give  the  least  wearing 
tft  the  edges  of  the  cylinder,  and  is  that  which  is  practised  by  our 
'scsqpement  makers.  Arguments  equally  good  for  either,  as  it  thus 
appears,  might  be  given. 

The  weight  and  diameter  of  the  balance,  are  circumstances  very 
materially  connected  with  the  wearing  of  the  cylinder  edges.  What- 
ever wiU  prevent  this  wearing,  should  be  carefully  attended  to.  When 
the  diameter  is  large,  the  balance  must  of  consequence  be  less  heavy  ; 
a  sort  of  sluggishness  in  its  motion  takes  place,  the  pendulum  spring 
making  great  resistance  to  the  teeth  passing  the  cylinder  edges,  and 
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cauBiiig  rapid  wearing.     On  the  contrary,  when  the  diameter  is  smalU 
and  the  weight  at  a  proper  medium,  there  is  an  alertness  in  the  vi- 
bration ;  the  momentum  of  the  balance  has  such  force  over  the  pen- 
dulum spring,  that  it  allows  the  teeth  to  pass  the  edges  quickly,  and 
hence  there  is  a  le^  tendeiacf  lo   wear  them.    The  diameter  of  the 
balance  should  be  less   than  in  a  verge   watch  of  equal  size,  and  it 
should  be  no  heavier   than  just  to  prevent   setting,  unless  where  a 
going  in  time  of  winding  is   used.    The  cylinder   'scapement,  on  the 
whole,  must  be  allowed  to  be  a  very  excellent  one ;  and  where  care  is 
taken  to  have  it  made  as  it  ought  to  be,  such  watches  will  give  very 
good  performance.     Provision  for  oil  on  the  cylinder  should  be  made 
as  ample  as  can  be  admitted ;  that  is,  the  part  where  the  tooth  acts 
should  be  as  distant  from  the  notch  where  the  wheel  bottom  passes  as 
possible,  and,  at  the  same  time,  more  distant  from  the  upper  copper 
plug ;  the  lower  notch  should  not  be  longer  than  to  give  freedom  for 
the  wheel  bottom  to  pass  easily.     When  they  are  made  long,  as  they  fre- 
quently are,  the  cylinder  will  readily  break  there,  if  the  watch  receives 
any  slight  shock  from  falling.     The  acting  part  of  the  tooth,  as  has 
already  been  noticed,  should  not  be  too  thin,  nor  the  stems  too  short 
If  the  diameter  of  the  balance  is  too  great,  any  addition  of  motive 
force   will   make   the  watch  go  slow ;  if  too  little,    the  watch  will 
go  fast ;  and  if,  of  a  proper  wei^t  and  diameter,  any  addition  of  mo- 
tive force  will  make  little  or  no  change  on  the  time-keeping,  whether 
the  watch  is  bftnging  or  lying :  we  have  made  the  motive  force  more 
than  double,  and  no  change  took  place ;  the  isochronism  of  the  pen- 
dulum spring  no  doubt  had  its  share  in  keeping  up  this  uniformity. 
Balances,  whose  diameters  are  rather  small,  will  have  a  natural  ten- 
dency to  cross  farther ;   that  is,  the  arcs  of  vibration  will  be  greater 
than  where  the  diameters  are  great    Theu*  weight  will  be  in  the  in- 
verse ratio  of  the  squares  of  their  4iameters ;  from  which  it  follows, 
that  if  the  balance  is  taken  away  from  a  watch  which  has  been  regu- 
lated, and    another  put  in  its  place,  having   the  diameter  only  one 
half  of  the  former;  before  the  watch  could  be  regulated  with  the  same 
pendulum  spring,  the  balance  would  require  to  be  four  times  heavier 
than  the  first     One  way  of  estimating  the  force  of  «  body  in  motion, 
is  to  multiply  the  mass  by  the  velocity.     Let  us  then  calculate  the 
respective  forces  of  two  balances,  whose  diameters  are  to  one  another 
as  two  to  four.    The  radii  in  this  case  express  the  velocity.     Accord- 
ing to  this  principle,  we  shall  have,  for  the  small  balance,  two  for  the 
radius  multiplied  by  eight  of  the  mass,  equal  to  sixteen ;  and  for  the 
great  one,  four  of  the  radius  by  two  of  the  mass,  equal  to  eight ;  six- 
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teen  and  eight  are  then  the  products  of  the  masses  by  the  velocities ; 
consequently  they  express  the  force  at  the  centre  of  percussion  of  each 
balance  :  and  as  it  is  double  in  the  small  one,  it  is  evident  that  the  arcs 
of  vibration  will  be'  greater,  having  the  faculty  of  overcoming  easily  any 
resistance  opposed  to  it  by  the  pendulum  spring,  without  requiring  any 
additional  motive  force. 

Let  us  take  an  example  done  in  another  way : — ^Which  is  the  square 
of  the  product  of  the  diameter,  multiplied  by  the  velocity  or  number 
of  degrees  in  the  vibration,  and  this  again  multiplied  by  the  mass  or 
weight,  so  as  to  compare  the  relative  momentum  of  two  balances  of 
different  diameters,  &c.  ?  Suppose  one  balance  to  be  .8  of  an  inch  in 
diameter,  the  degrees  of  vibration  240,  and  the  weight  8  grains ;  the 
other  .7  of  an  inch  in  diameter,  the  arc  of  vibration  280^,  and  the  weight 
10  grains: 

240  X  .8  =  192  X  192  z=  36864  X   8  =  294912 
280  X  .7  =»  196  X  196  =38416  X  10  zz:  384160. 

The  balance  having  the  smaller  diameter,  has  its  momentum  to  that  of 
the  greater,  as  384160  is  to  294912,  or  in  smaller  numbers,  as  99  is  to 
76  very  nearly.  When  the  arcs  of  vibration  are  great,  the  nearer  to 
isochronism  will  the  long  and  short  ones  be. 

If  the  balance  of  a  watch  has  its  arras  and  centre  part  rather  a 
littie  heavy  than  otherwise,  and  these  be  made  less  so,  the  watch  by  this 
will  be  found  to  go  slower  than  it  did  before,  owing  to  the  effect  of  the 
increased  momentum  of  the  bakmce.  This  unusual,  perhaps  hitherto 
untried  and  very  ddicate  experiment,  we  made  once  or  twice,  and  the 
result  was  that  which  has  now  been  stated.  The  momentum  of  a 
watch  balance  should  be  as  nearly  in  one  point  of  the  rim  as  possible, 
and  is  somewhat  analogous  to  that  which  is  required  in  the  ball  of  a  clock 
pendulum.  ' 

Berthoud,  in  his  Blssaij  &c.  insists  much  on  the  advantage  of  light 
balances,  great  diameters,  and  quick  vibrations :  principles,  however 
well  dressed  up  as  a  theory,  will  be  found  not  to  agree  with  sound 
practice  and  a  little  experience.  M.  Jodin,  a  very  ingenious  ^vatch- 
maker,  contemporary  with  Berthoud,  in  Paris,  knowing  what  Ber- 
thoud had  advanced  on  this  subject  in  his  Essat^  took  an  opportu- 
nity of  putting  him  to  rights,  by  using  such  arguments  as  ought  in 
our  humble  opinion  to  have  convinced  him ;  but  in  this  interview 
Jodxn?8  endeavors  were  to  no  purpose.  Berthoud,  indeed,  seems 
not  to  have  acted  in  conformity  with  the  principles  he  wished  to  es- 
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tabbli,  if  we  may  judge  by  what  he  did,  seeing  that  he  made  the 
trains  of  his  marine  time-keepers  in  such  various  numbers,  from  that 
of  giving  one  vibration  in  a  second  to  that  of  giving  six  in  the  same 
time ;  and  the  performance  of  one  of  those  which  gave  one  vibration 
in  a  second,  is  mentioned  as  having  maintained  the  best  rate  of  going 
of  all  that  he  had  made.  Mr.  Gumming  got  also  into  the  system  of 
quick  trains,  but  was  obliged  at  last  to  give  it  up,  and  was  in  the  end 
put  to  a  considerable  expense  in  altering  eveiy  one  of  these  his  quick 
trained  watches,  when  he  could  lay  his  hands  on  them,  because  the 
cylinders  were  going  so  fast  to  ruin,  that  the  watches  gave  no  satis- 
faction. 

It  may  be  found  very  convenient,  and  sometimes  of  great  utility, 
for  the  practical  artist  to  have  a  little  knowledge  in  the  theory  of  the 
rekUive  force  of  balances,  according  to  their  diameter,  weight,  and 
the  number  of  vibrations  given  in  a  minute.  An  instance  shaU  be 
given  that  tends  in  some  degree  to  show  this : — A  small  eightrday 
spring  time-piece,  of  a  size  somewhat  less  than  that  of  common  spring 
clocks,  which  had  a  balance  and  a  detached  'scapement;  the  train 
was  rather  slow,  being  5400,  but  with  such  a  train  the  force  of  the 
main-spring  had  so  much  power  over  the  balance,  as  to  make  the  vi- 
bmtions  at  times  go  so  &r  as  to  unlock  the  detent  a  second  time  in 
the  course  of  one  and  the  same  excursi<m ;  the  vibration  being  thus 
carried  to  such  an  extreme,  and  when  nearly  at  the  end  of  it ;  al- 
though a  tooth  of  the  balance  wheel  had  for  a  second  time  dropped 
on  the  face  of  the  pallet,  it  had  no  force  to  impel  it  farther  on,  that 
of  the  pendulum  spring  was  greater  from  being  now  so  much  bent 
up;  on  ite  unbending,  the  balance  was  made  to  return  a  very  httle 
way  back,  which  brought  the  circular  part  of  the  pallet  into  contact 
with  one  of  the  balance-wheel  teeth,  and  by  this  means  the  tooth  was 
now  allowed  to  pass  freely  on  the  roUer  or  circular  part  of  the  pallet, 
which  had  the  effect  of  stopping  the  motion  of  the  balance,  and,  con- 
sequently, stopped  the  going  of  the  time-piece.  It  would  have  been 
a  very  inconvenient  matter,  at  this  time,  as  we  shaU  suppose^  ^ther 
to  have  made  the  train  quicker,  or  to  have  got  a  main-spring  of  less 
force,  as  any  one  of  the  two  ways  would  have  brought  the  vibrations 
of  the  balance  within  a  shorter  compass.  Now,  what  device  must  be 
fallen  on,  in  order  to  lessen  the  arc  of  vibration,  so  as  the  balance  shall 
not  go  so  far  as  to  make  a  second  unlocking,  keeping  still  the  same 
train  of  wheels,  and  the  same  force  of  main-spring  ?  There  is  only 
one  way  to  do  this,  and  that  is  by  increasing  the  diameter  of  the  ba- 
lance, which  will  then  require  a  stronger  pendulum  spring,  and  this 
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will  of  course  give  a  litde  more  opposition  to  the  impelling  force  of 
the  balance-wheel  teeth  on  the  face  of  the^  pallet  If  we  suppose  the 
diameter  of  the  balance  to  be  one  inch,  or,  what  is  the  same  thing, 
ten-tenths  of  an  inch,  and,  to  increase  it,  the  three  mean  time  screws 
which  were  in  the  edge  of  the  rim  of  the  balance,  being  brought  out 
so  &r  as  to  make  the  diameter  one  inch  and  a  quarter,  or  12.6  tenths 
of  an  inch;  by  this  alteration  the  time-piece  was  found  to  lose  an 
hour  and  a  quarter  in  the  24  hours.  It  is  evident  that  a  stronger 
pendulum  spring  must  then  be  apphed,  before  the  balance  can  be 
made  to  vibrate  mean  time,  and  that  in  the  ratio  of  the  squares  of  die 
diameter  of  the  balances,  the  square  of  10  is  100,  and  the  square  of 
12.5  is  166.25,  the  difference  between  these  numbers  shows  that  a 
considerable  difference  will  be  required  in  the  strength  of  the  pendu- 
lum springs.  The  weight  of  the  balance,  including  the*  three  mean 
time  screws,  pendulum  spring,  and  stud,  balance  arbor,  and  roller, 
was  137  grains. 

How  to  remedy  the  converse  of  the  preceding  case  should  be  very 
obvious,  and  to  many  it  will  appear  unnecessary  to  say  any  thing 
about  it  Yet  there  may  be  some  few  who  may  not  so  readily  M\ 
on  it,  and  therefore  one  example  in  this  way  shall  be  given.  Suppose 
the  balance  of  a  time-piece  has  its  vibrations  so  short,  that  no  good 
performance  can  be  derived  from  it,  notwithstanding  the  movement, 
the  'scapement,  the  main-spring,  &c.  are  as  correct  as  could  be  wish- 
ed. The  short  vibrations  must  then  arise  from  the  balance  being  too 
large  in  diameter,  and  from  having  too  strong  a  pendulutn  spring. 
Now,  if  a  balance  of  the  same  weight,  or  nearly  so,  but  less  in  dia- 
meter, and  a  weaker  pendulum  spring  be  applied^  this  will  allow  the 
vibrations  of  the  balance  to  be  carried  to  a  greater  extent,  which  was  all 
that  was  required. 

When  a  litde  expense  in  the  cylinder  or  horizontal  'scapement  is 
not  grudged,  a  ruby  cylinder  is  certainly  a  great  acquisition,  to  pre- 
vent wearing  on  the  edges.  If  it  is  wholly  of  stone,  and  not  steel 
cased,  as  is  usual,  it  will  be  so  much  the  better,  by  giving  a  litde 
more  scope  to  extend  the  limits  of  the  banking,  the  steel  crank  of  the 
cased  ruby  cylinder  confining  the  banking.  There  would  no  doubt  be 
a  greater  risk  of  breaking  than  in  the  steel-cased  stone  cylinder ;  yet 
this  might  be  considerably  lessened,  were  some  attention  paid  to  make 
the  notch,  which  frees  the  bottom  of  the  wheel,  no  longer  than  is  ne- 
cessary, as  has  been  proposed  in  the  case  of  the  steel  cylinder.  It 
would  be  desirable  to  have  the  cylinder  formed  with  the  strata  of  the 
saj^hire  or  ruby,  placed  in  a  vertical  position,  instead  of  a  horizontal 
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one.  This  is  surely  attainable,  when  we  know  that  diamond  split- 
ters can  distinguish  the  strata  or  layers  of  the  diamond, — a  stone 
which  may  be  supposed  more  compact  than  either  the  ruby  or  sap- 
phire. We  have  seen  a  cylinder  wholly  of  stone,  in  a  watch  belonging 
to  a  gentleman  who  was  wearing  it  when  between  70  and  80  years  of 
age ;  he  used  frequently  to  let  it  fall  without  any  accident  happening 
to  the  cylinder.  Three  small  griffs,  or  cocks,  placed  on  the  potence 
plate,  so  as  to  allow  the  edge  of  the  balance  to  come  into  notches  fitted 
for  it,  and  having  at  the  same  time  sufficient  freedom,  would  prevent 
either  the  cylinder  or  the  cock  pivot  from  breaking.  A  little  .practice 
should  make  the  stone  cylinder  easier  made,  and  perhaps  cheaper, 
than  even  the  steel  cased  one ;  at  all  events,  even  on  equal  terms,  it 
ought  to  be  the  preferable  of  the  two.  From  what  has  already  been 
said,  it  appears,  that  the  weight  and  diameter  of  the  balance  are  mat- 
ters that  cannot  be  said  to  be  merely  arbitrary ;  for,  if  the  motive 
force  is  too  great  for  that  of  the  balance,  the  watch  will  go  fast  when 
in  the  lying  or  horizontal  position,  and  slow  when  in  the  vertical  or 
hanging  position.  By  diminishing  either  the  motive  force,  or  mak- 
ing the  balance  heavier,  the  watch  may  be  made  to  go  alike  in  both 
positions.  The  properties  of  the  pendulum  spring  may  conduce  a 
litde  to  this.  It  is  in  some  degree  a  desideratum  for  a  pocket-watch 
to  have  the  balance  pivots  and  holes  made  so,  that  the  balance  with  its 
spring,  when  in  a  state  by  itself,  and  free  of  any  communication  with 
the  wheels,  should  vibrate  the  same  length  of  time,  whether  it  is  in  a 
vertical  or  horizontal  position.  We  know,  when  it  is  in  the  latter,  that 
it  will  continue  to  vibrate  twice  the  length  of  time  that  it  will  do  in  the 
other.  We  are  humbly  of  opinion,  that  the  balance,  with  its  spring  in  an 
isolated  state,  could  be  made  to  vibrate  the  same  length  of  time  in  both 
positions.  But  who  will  be  at  the  trouble  and  expense  to  make  such 
experiments  as  may  lead  to  this  ? 

Mr.  E&mshaw's  pivots,  with  flat  ends  and  shallow  holes,  should 
eome  very  near  to  this  object.  At  out  forty,  or  near  to  fiffy  years  ago, 
endeavoring  to  come  at  this,  we  used  to  hollow  out  the  ends  of  balance 
pivots. 

In  the  interim  between  Tompion  having  left  off  his  trials  in  at- 
tempting the  horizontal  'scapement,  and  Graham  having  brou^t  it 
to  a  state  of  perfection,  M.  Facio,  a  native  of  Geneva,  having  dis- 
covered the  art  of  piercing  holes  in  rubies,  or  any  hard  precious  stone, 
came  to  Paris  with  this  art  as  a^  secret,  but  not  being  well  received, 
either  by  the  Duke  of  Orleans,  at  that  time  Regent  of  France,  or  by 
the  watch-makers  there,  he  repaired  to  London  with  it  about  the  year 
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1700,  which  was  at  that  time  a  school  where  the  art  of  watch-makiiig 
was  more  cultivated  than  at  Paris.  He  was  admitted  a  member  of 
the  Royal  Society;  and,  having  entered  into  a  kind  of  partnership 
with  a  native  of  France,  who  had  been  settled  in  London,  whose  name 
was  Debaufre,  they  carried  on  the  business  of  watch-jewelling.  Some 
of  Debaufn^s  fianily^  or  name^  were  at  this  profuaion  in  London^ 
90  laU  08  1773.  Facio's  partner  had  at  this  time  contrived  a  new 
'scapement ;  it  was  a  dead  beat  one,  which  was  the  thing  now  sought 
for.  The  balance  and  balance-wheel  holes  of  it  were  jewelled  ;  the 
pallet  was  made  of  a  diamond,  formed  from  a  very  short  cylinder  £, 
Plate  yfll.  No.  45,  of  two  tenths  of  an  inch  in  diameter,  fixed  on 
the  verge  or  axis  CD  of  the  balance  A  B ;  the  upper  end  of  the  cy- 
linder was  cut  down  nearly  one  half  of  the  diameter,  and  flanched  to 
the  lower  end  and  opposite  side,  rounded  off  from  the  base  left  at  top 
to  the  lower  end  of  the  flanch,  resembling  something  like  a  cone  bent 
and  wanting  a  part  of  the  top.  Two  flat  balance  wheels  W  W,  having 
ratchet  sort  of  teeth,  were  on  the  same  arbor,  the  teeth  of  the  one  being 
o{^site  to  the  middle  of  the  spaces  in  the  other ;  the  distance  between 
these  wheels  was  a  little  less  than  the  diameter  of  the  cylinder ;  the 
drop  of  the  teeth  in  'scaping  falls  on  what  was  left  of  the  upper  base  of 
the  cylinder, — the  lower  base  being  taken  away  in  forming  ^  paUet^ — 
and  near  to  the  edge  formed  from  the  flanch ;  here  they  rested  during 
Ae  time  of  the  vibration  of  the  balance.  On  the  return,  the  tooth  gets 
on  the  flanch,  and  passes  over  it ;  during  which,  giving  impulse  to  the 
balance,  and  escaping  at  the  lower  end,  a  tooth  of  the  other  iidieel 
drops  opposite  on  the  same  base  of  the  cylinder,  and  so  on.  A  watch 
having  this  'scapement,  and  bearing  Debaufre's  name,  was  put  for  trial 
into  the  hands  of  Sir  Isaac  Newton,  who,  on  showing  it  to  SuUy^  in 
1704,  gave  a  very  flattering  account  of  its  performance.  It  attracted 
Sully's  notice  very  much,  but  thinking  it  by  no  means  well  executed, 
and  not  bemg  quite  satisfied  with  two  wheels,  it  was  thought  that  an 
improvement  would  be  made,  by  having  one  wheel  only,  and  two  pallets, 
which  was  part  of  the  scheme  of  the  'scapement  he  adopted  for  his 
marine  time-keeper,  made  in  1721.  Considering,  the  genius  that  Sully 
was  allowed  to  possess,  this  was  by  no  means  an  improvement  on  De- 
baufre's 'scapement 

Although  an  Englishman,  Sully's  name  was  unknown  to  his  coun- 
trymen, and  would  have  remained  so,  had  it  not  been  for  die  accounts 
given  of  him  by  the  French  artists,  in  whom  he  excited  an  emulation, 
and  also  inspiring  them  with  a  taste  to  acquire  such  a  pre-emi- 
nence in   their   profession,    as    had    been   before   unknown.     Julien 
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Le  Rojy  i»ho  wu  MmaUhf  acquainted  vnih  SuUyj  and  Ber- 
thoud,  are  unconmioiily  lavish  of  their  encomiums  on  him.  Soon  af- 
ter he  had  coiiq>leted  his  apprenticeship  with  Mr.  Gretton,  watch- 
maker in  London,  he  went  to  Holland,  Germany,  and  Austria,  aad, 
attracting  the  notice  of  several  of  the  princes  and  nobility,  he  was 
much  employed  by  them.  Having  seen,  in  th^  librafy  of  Prince 
Eugene,  the  Memoirs  of  the  Royal  Jicademy  of  Sciences  in  PariSf 
he  eagerly  acquired  the  French  language,  in  order  to  read  tbem. 
This  excited  in  him  a  strong  desire  to  see  Paris,  to  which  he  repaired 
about  the  year  1713  or  1714,  under  the  patronage,  and  in  the  suite 
of  the  Duke  of  Aremburg,  at  whose  hotel  he  lodged,  with  a  pension 
of  600  hvres.  He  had  not  been  long  there,  when  our  countryman. 
Law  of  Lauriston,  under  the  authority  of  the  Court  of  Yersailles, 
got  him  engaged  to  establish  a  manufactoiy  of  clocks  and  watches.  In 
consequence  of  this,  he  came  twice  to  London;  and  having  carried 
away  a  great  number  of  workmen,  and  spent  much  money  on  tools  and 
other  articles.  Law  began  to  murmur,  and  the  establishment  in  two 
yean  fell  to  the  ground.  This  made  him  complain  bitterly  of  his 
bad  fortune  to  a  fnend ;  but,  fortunately,  a  nobleman,  to  whom  this 
was  mentioned,  feeling  much  for  the  disagreeable  situation  in  which 
Sully  was  placed,  sent  him,  as  a  preaenty  some  shares  in  the  public 
funds, — rvalue  I2fi00  Uvres, — wtdctk  enabled  him, « for  several  yeais 
afterwards,  to  pursue  very  zealously  his  favorite  scheme  of  making  a 
marine  time-keeper,  to  ascertain  the  longitude  at  sea.  Li  this  at- 
tempt he  was  not  so  successful,  in  his  first  trials,  as  he  had  led  him- 
self to  expect  It  was  in  general  believed,  however,  that,  had  he 
lived,  he  would  have  been  the  first  to  have  deservedly  acquired  one  or 
other  of  the  premiums  which  were  before  that  time  ofiered  by  four  of  the 
greatest  maritime  powers  in  Europe,  to  those  who  should  produce  a 
tim^-keeper,  which  could  ascertain,  to  a  certain  extent,  the  longitude 
at  sea.  Philip  the  Third,  who  ascended  the  throne  of  Spain  in  1591, 
was  the  ficst  who  proposed,  in  1598,  a  reward  of  1000  crowns  for 
this  invention* 

The  states  of  Holland  soon  after  followed  his  example,  and  offered 
100,000  florins.  The  British  Parliament,  in  the  reign  of  Queen 
Anne,  voted  20,000/.  Sterling  for  the  same  purpose;  and  the  Duke 
of  Orleans,  Begent  of  France,  in  1716,  promised,  in  name  of  the 
King,  100,000  livres.  Sully  may  hterally  be  said  to  have  died  a  mar- 
tyr to  the  cause  in  which  he  was  engaged*  Having  got  a  false  ad- 
dress to  a  person  whof  it  was  said^  was  occupied  in  the  siune  pur- 
suit with  himself,  he  got  so  overheated,  in  fiis  anxious  and  vain  en- 
deavor to  find  him  out,  that  he  died  in  a  few  days  after,  at  Paris, 


S36  hautefeuille's  'scapement. 

in  the  month  of  October,  1728,  and  was  buried,  wiih  great  pomp,  id 
the  church  of  St  Sulpicius.  In  this  church,  some  few  years  before 
his  death,  he  constructed  a  remarkably  long  gnomon,  or  meridian 
line. 

Sully  having  acted  so  conspicuous  a  part  in  the  profession,  no  t^lo* 
gy  is  deemed  necessary  for  giving  this  short  account  of  him. 

It  may  be  observed  here,  that  Debaufre's  'scapement  has  diis  ad- 
vantage, which  is  not  in  Graham's,  that  the  impulse  given  is  the 
same  in  every  vibration,  and  the  time  of  rest  on  both  sides  is  the 
same,  bearing  mostly  on  the  foot  pivot  end,  a  Httle  on  the  sides  of 
the  pivots,  but  not  wholly  on  the  sides  of  the  pivots  as  in  Gra- 
ham's. Having  made  one  or  two  watches,  to  which  this  'scapement 
was  put,  they  were  found  to  perform  very  well;  and  we  would  re- 
commend it  to  the  attention  of  'scapement-makers.  A  little  prac^ 
tice  will  make  the  execution  of  it  very  easy.  The  two  thin  steel 
wheels  may  at  pleasure  be*placed  at  any  distance  from  one  another ; 
their  diameters  should  be  as  large  as  can  be  admitted  between  the 
potence  foot  and  the  verge  collet  An  agate,  or  any  hard  stone,  for 
the  pallet,  whose  height  is  half  the  spaces  between  the  teeth,  or  a  little 
less,  is  fixed  on  the  verge  or  axis  of  the  balance  ;  the  level  of  the  base 
of  the  pallet  on  which  the  teeth  rest,  being  a  very  little  above  that  of 
the  line  of  the  balance-wheel  pinion,  the  teeth  must  be  a  very  Uttle  un- 
dercut, so  that  the  points  only  may  rest  on  the  paUet  The  verge 
should  be  placed  more  inward  in  the  frame  than  in  common  conlrate 
wheel  movements,  in  order  to  give  room  for  the  balance  wheels.  The 
necessity  of  a  contrate  wheel  movement  for  this  'scapement,  is  a 
trifling  objection,  which  will  wear  away  in  spite  of  prejudice. 

In  1722,  I'Abbc  Hautefeuille,  who  long  before  this  had  <U  Parii 
dispuUd  in  a  process  at  law  toith  Huyghens^  the  right  of  the 
invention  and  application  of  the  pendulum  spring  to  the  balance  of 
a  waichf  Huyghens  being  cast,  was  prevented  from  taking  out  a  pet- 
tent  in  France  as  lie  wished,  published  a  quarto  pamphlet  con- 
taining descriptions  of  three  new  'scapements  for  watches.  One  of 
these  was  the  anchor  or  recoiling  'scapement,  on  the  verge  of  which 
was  attached  a  small  toothed  segment  of  a  circle  or  rack,  working 
into  a  pinion  which  was  the  axis  of  the  balance.  The  idea  of  a  pi- 
nion being  the  axis  of  the  balance,  seems  to  have  been  taken  from  the 
'scapement  of  Huyghens,  and  is  here  contrived  so  as  to  make  scarcely  one 
revolution  at  every  vibration.  This  'scapement  is  the  same  as  it  came 
from  the  hands  of  Hautefeuille,  without  any  improvement  having 
been  made  upon  it  even  to  this  day,  although  a  patent  was  taken  out 
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for  the  same  ubout  twenty  or  near  to  thirty  years  ago,  by  some 
persons  in  Liverpool.  The  name  of  lever  watches,  which  they 
received  from  the  patentees,  is  that  which  is  generally  given  to  those 
having  this  'scapement,  which  is  the  same  that  Berthoud  has  de- 
scribed in  his  E8$ai  mar  VHoriogtrie^  published  in  1763,  see  tooi. 
iL  No.  1933,  and  Plate  XXIil.  Fig.  5,  of  which  our  figure  is  a 
copy,  Plate  YIIL  No.  46.  Berthoud,  under  certain  roodiiications, 
introduced  the  principle  of  this  'scc^penient  into  some  of  his  marine 
time-keepers.  In  this  'scapement  of  I'Abb^  Hautefeuille,  A  is  the 
'scapement  wheel,  B  the  anchor  pallets,  having  inclined  planes,  or 
made  with  such  curves  as  are  best  suited  to  obtain  isochronous  oscil- 
lations from  the  balance  :  C  D  the  balance,  a,  a  pinion  on  whose  ar- 
bor the  balance  is  riveted ;  6  is  the  toothed  rack  which  pitches  in 
with  the  pinion,  the  rack  is  carried  by  the  axis  of  the  anchor  pallets. 
In  the  drawing,  the  pinion  appears  to  be  the  arbor  of  the  'scapement 
wheel  as  well  as  that  of  the  balance ;  but  this  is  done  by  way  of  con- 
centrating the  figure  £,  the  counterpoise  to  the  rack. 

A  very  able  and  ingenious  artist  at  Paris,  M.  Dutertre,  who  was 
zealous  in  his  profession,  and  had  considerable  success  in  his  pur- 
suits, invented,  in  1724,  as  is  said,  a  new  'scapement,  or,  in  our  hum- 
ble opinion,  rather  improved  that  of  Dr.  Hooke's  with  two  balances, 
which  has  already  been  described.  The  additions  and  improvements, 
however,  which  he  made,  were  so  great  as  to  give  him  a  sort  of  title 
to  claim  it  as  his  own,  and  to  render  it,  in  the  opinion  of  good  judges, 
the  best  'scapement  by  far  that  was  known  at  that  time.  The  addi- 
tions which  he  made  consisted  in  putting  another  whe^l  on  the  same 
arbor  with  the  first,  but  it  was  considerably  larger  in  diameter,  hav- 
ing the  same  number  of  teeth  with  the  other,  and  wluch  formed  the 
chief  merit  of  his  improvement  of  this  'scapement  The  balance 
arbors  at  one  place  were  made  rather  thicker  than  usual,  for  the  pur- 
pose of  having  notches  cut  across  them,  and  as  deep  as  the  centre. 
This  part  of  the  arbor  became  then  a  semi-cylinder.  The  larger 
wheel,  which  may  be  called  that  of  amie^  or  repose,  is  placed  on 
iU  arbor,  so  as  to  correspond  with  the  semi-cylinders  and  their  notches, 
the  points  of  whose  teeth  are  made  just  to  clear  the  bottom  of  the 
notches,  alternately  passing  one  of  them,  and  resting  on  the  semi- 
cylindrical  part  of  the  other. 

The  action  of  the  two    wheels    shall    now    be  explained.     Let  us 

suppose  that  one  of  the  larger  wheel  teeth,  af^er  reposing  on  one  of 

the  semi-cylinders,  is,    on  the  return  of  the  vibration  of  the  balance, 

^  admitted  to  pass  throu^  the  notch ;   afVer  having  passed,  a  tooth  of 
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the  impolse  wheel,  falls  on  the  corresponding  pallet,  gives  impulse, 
canying  it  on  till  it  escapes,  when  another  tooth  of  the  wheel  of  re- 
pose falls  on  the  other  semi-cylinder,  and  rests  there  until  the  return 
of  the  vibration  of  the  other  balance,  when  it  passes  the  notch  in  its 
turn,  and  the  corresponding  pallet  presenting  itself,  is  impelled  by  a 
jtooth  of  the  impulse  wheel,  and  so  on.  Hooke's  'scapement  had  a 
small  recoil ;  the  aim  of  Dutertre  was  to  make  a  dead  beat  one  of 
it,  in  which  he  succeeded.  There  is  a  drawing  of  this  'scs^ment  in 
Plate  XIY.  Fig.  4,  of  Berthoud's  Hiatorie  de  la  M^sure  du  Tempa. 
He  says,  ^  that  the  properties  of  this  'scapement  are  such,  that  sudden 
shocks  do  not  sensibly  derange  the  vibrations  ;  that  the  pressure  of 
the  wheel  teeth  of  arrfite  on  the  cylinders,  corrects  the  impulse  that 
the  balance  receives  from  the  wheel  work,  which,  on  the  motive  force 
being  even  doubled,  prevents  the  vibrations  from  being  afiected." 

Plate  IX.  No.  47,  represents  this  'scapement  having  two  balances, 
A  B,  toothed  on  their  edges,  and  pitching  in  with  one  another ;  as 
constructed  by  Dutertre,  they  are  placed  outside  of  the  potence  plate, 
B9  well  as  the  double  ratchet  toothed  wheels,  the  three  arbors  being 
k^t  in  their  places  by  a  cock  to  each.  Upon  one  of  the  crosses  of 
each  balance  are  fixed  a  sort  of  pallet,  D,  and  £,  the  arbors  of  the  ba- 
lances have  each  a  notch  cut  across  them,  so  as  to  allow  the  points  of 
the  teeth  of  the  larger  ratchet  wheel  to  escape.  When  the  points 
of  the  teeth  of  the  wheel  of  arr^te,  get  in  on  the  notches,  they 
pass  through  instantly,  and  by  this,  the  teeth  of  the  impulse  wheel 
get  forward  and  impel  either  one  or  other  of  the  pallets,  D  or  £  ; 
in  the  scheme  or  figure,  the  tooth  5  of  the  wheel  of  arr^te  (or  of 
rest)  is  .seen  to  have  escaped  from  the  notch  of  the  arbor  of  the  ba- 
lance A,  and  a  tooth  of  the  wheel  of  impulse  is  ready  to  come  on,  and 
impel  the  pallet  D,  meanwhile  the  tooth  5  will  have  got  forward,  and 
rests  on  the  semi-cylindiical  part  of  the  arbor  of  the  balance  B ;  on  the 
return  of  the  balance,  it  passes  through  the  notch,  and  gives  the  wheel 
of  impulse  hberty  to  strike  the  pallet  £,  and  so  on. 

In  plate  XLI.  Fig.  16,  of  the  first  volume  of  Thiout's  work,  is  a 
drawing  of  this  'scapement  modelled  from  that  of  a  clock,  described 
at  page  101.  He  says,  "  Fig.  16,  is  a  'scapement  of  the  Sieur  Jean 
Baptiste  Dutertre,  which  has  only  one  pallet,  on  the  axis  of  which  is 
the  fork.  The  two  ratchets  or  wheels  are  on  the  same  arbor ;  when 
the  pallet  escapes  from  the  small  ratchet,  the  larger  one,  which  is  call- 
ed the  ratchet  or  wheel  of  arritef  rests  on  the  arbor  of  the  pallet, 
and  leaves  the  vibrations  to  be  pretty  free.  On  the  pallet's  return- 
ing to  meet  with  the  teeth  of  the  small  ratchet,  the  pallet  arbor  or 
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cyliiider  being  notched  or  cut  across  into  the  centre,  allows  the  wheel 
of  arrite  to  pass;  and  the  wheel  of  impulsion,  aAer  getting  a  small 
recoil,  gives  new  force  to  the  vibrations ;  so  that  in  two  vibrations,  only 
one  of  them  is  accelerated ;  hence  it  was  thought,  that  the  haH*  of  the 
vibration  being  free,  and  independent  of  the  wheel-work  and  its  ine* 
qualities,  they  would  be  more  correct  tfian  others ;  but  experience  did 
not  confirm  this."  This  is,  then,  the  duplex  'scapement,  or  the  nearest 
possible  approach  to  it 

It  is  more  than  fifty  years  since  we  saw  a  small  spring  clock  having 
tfab  'settlement,  made  by  a  very  ingenious  clock-maker  of  this  place* 
whose  name  was  Robert  Brackenrig.  It  may  be  supposed  t(\  have 
been  made  a  very  few  years  after  Thiout's  work  was  published. 

In  1727,  Peter  le  Roy  gave  an  account  of  a  'scapement  which  he 
had  made,  having  one  pallet  on  the  axis  of  the  balance,  and  a  notch 
below  it,  a  wheel  of  arrite,  and  one  of  impulse,  as  described  in  the 
preceding  'scapement,  so  that  one-  half  of  the  vibrations  were  inde- 
pendent of  the  wheel  work*  Dutertre  claimed  the  pretended  inven- 
tion of  Le  Roy ;  the  latter,  finding  it  not  to  answer  his  expectationst 
gave  it  up.  That  Dutertre  made  the  one  which  is  represented  in  plate 
XLI.  of  Thiout,  we  have  no  doubt ;  and  there  is  unquestionable  au- 
thority, that  h-e  brought  Dr.  Hooke's  to  the  improved  state  which  has 
just  been  mentioned.  It  is  said  that  he  had  made  a  fi'ee  or  detach- 
ed 'scapement ;  but  no  account  whatever  has  been  given  of  it 

The  duplex  'scapement,  as  it  is  now  called,  was  introduced  into  its 
native  country  about  thirty  years  ago  or  more,  under  the  name  of  Ty^ 
rers'  'scapement,  ike  name  it  is  mpposed  of  him  who  put  the  last  hand 
to  improve  that,  which  came  in  a  Uneal  descent  from  Dr.  Hooke.  In 
place  of  the  notch  being  made  right  across  the  arbor,  as  has  been  men- 
tioned before,  Tyrer's  had  a  very  small  cylinder  or  roller,  whose  diar 
meter  was  about  .03  of  an  inch,  the  diameter  of  the  wheel  of  arrite 
bei$ig  .61  or  .52,  into  which  was  made,  in  a  longitudinal  direction,  a 
deep  angular  notch  of  30  to  40  degrees.  The  cylinder  was  sometimes 
of  steel,  but  most  firequently  of  ruby.  When  the  points  of  the  teeth  of 
the  wheel  of  repose  fall  into  the  notch,  they  meet  with  a  very  smaB 
.  recoil  by  the  balance,  in  what  may  be  called  the  returning  vibratioii. 
This  goes  so  far  as  to  make  the  tooth  for  a  little  to  leave  the  notch, 
at  the  side  opposite  to  that  by  which  it  came  in.  The  balance,  on  re- 
turning, is  now  in  the  course  of  that  vibration,  when  it  is  to  receive 
impulse  firom  the  wheel,  which  takes  place  immediately  on  the  tooth 
of  the  wheel  of  repose  leaving  the  notch  and  the  small  cylinder*  and 
as  soon  as  the  tooth  of  impulse  escapes  from  the  pallet,  the  next  tooth 
of  repose  falls  to  rest  on  the  small  cylinder,  and  so  on. 
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Plate  IX.  No.  49,  represents  the  duplex  'scapement,  W  W  being 
the  ^eel  of  arr^te  or  repose,  the  bases  of  the  teeth  of  the  wheel  of 
impulse  are  seen  at  ab  Cj  black  and  triangular,  and  stand  a  little  up 
perpendicular  to  the  plane  of  the  wheel  of  arr^ta,  as  represented  in 
perspective  of  wheel,  No.  53,  both  being  formed  out  of  the  same  piece 
of  brass.  A  B  is  the  pallet  which  receives  impulse  from  the  upright 
teeth  a  b  c,  &c.  of  the  wheel ;  the  roller  is  represented  by  a  faint 
dotted  circle  on  the  arbor  of  the  pallet,  having  a  small  angular  notch 
in  it. 

Tyrers'  'scapement  is  much  superior  to  that  of  the  cylinder  or  hori- 
zontal one ;   it  is  almost  independent  of  oil,    requiring   only  a  very 
little  to  the  points  of  the  wheel  teeth  of  repose.     It  can  carry  a  ba- 
lance of  much  greater  momentum,  and,  when  well  executed,  performs 
most  admirably.     But  there  are  in  it  so  many  circumstances  or  mi- 
nutise  to  be  attended  to,  that  some  of  them  may  at  times  escape  the 
eye  of  the  most  judicious  and  careful :  the  watch  may  stop,  and  yet 
the  'scapement   be  in  every   respect  as  complete  as  possible.     This 
has  oflen  given  the  werjrer  cause  to  complain,  and  to  suspect  the  qua- 
lities of  his  watch,  and  hence  watch-makers  have  sometimes  been  in- 
duced to  abandon  this  'scapement,  and  adopt  those  of  an  inferior  sort. 
The  pallets  of  Tyrers  were  at  first  made  very  thin.     We  frequently 
urged  the  propriety  of  having   them    made    much  thicker,  and   were 
pleased  to  sec   that  this   was  gradually  adopted.     Why  should  they 
not  be  made  as  thick  as  the  pallet  of  a  detached  'scapement  1  There 
is  no  'scapement  which  requires  to  have  the  balance-wheel  teeth  more 
correctly  cut,  or  the  steady  pins  of  the  cock  and  potence  more  nicely 
fitted  to  their  places  in  the  potence  plate  than  in  this.     The  minutise  al- 
luded to,  were,  too  much  or  too  little  drop  of  the  impulse  teeth  on  the 
pallet ;  the  'scapement  not  set  quite  so  near  to  beat  as  might  be  ;  the  ba- 
lance rather  heavy  ;  or  the  points  of  the  teeth  of  repose  too  much  or  too 
little  in  on  the  small  cylinder.     In  a  good  sizeable  pocket-watch,  the 
wheels  having  fifteen  teeth,  the  ratio  of  the  diameter  of  the  wheel  of 
repose  to  that  of  impulse  may  be  as  .520  of  an  inch  to  .400,  the  cy- 
linder .030.     The  angle  of  'scapement  will  be  60  degrees,  taking  from 
the  escape  of  the  impulse  tooth,  to  that  of  the  tooth  of  repose  falling  on 
the  cylinder,  the  balance  passes  20  degrees  of  these  before  the  im- 
pulse tooth  gets  again  on  the  pallet,  consequently  it  has  only  40  de- 
grees for  the  acting  angle  of  the  'scapement     There  is  a  variety  of 
'scapements  in  Berthoud's    Histoire^  which  appeared  in    1802,  mftny 
of  which  are  of  very  inferior  note  to  that  of  Tjrrers,  and  yet  he  has 
taken  no  notice  of  the  latter.     Tins  is .  remarkable,  as  he  surely  must 
have  seen  it,  considering  the  great  number  of  them  which  had  been  made. 
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A  watch  having  a  cylinder  or  horizontal  'scapement,  not  giving 
that  perfonnance  that  it  ought  to  have  done,  arising  from  the  cause 
of  the  cylinder  wheel  teeth,  having  somehow  accidentally  got  a  ten** 
dency  to  cut  the  cylinder  so  fast,  that  good  perfonnance  could  not 
possibly  be  obtained  from  it.  We,  therefore,  thought  it  ad\isable 
to  take  this  'scapement  altogether  away  from  the  watch,  and  substi- 
tute a  di^lex  one  in  its  place.  With  the  cylinder  'scapement,  the 
train  was  18,Q00,  and  that  to  the  duplex  was  made  18,200  ;  yet,  not- 
withstanding this  additional  quickness  of  train,  the  same  balance,  and 
its  spring,  kept  the  exact  same  time  as  they  did  before  ;  which,  in 
some  degree,  shows  the  superiority  of  the  duplex  over  that  of  the  cylin^ 
der  'scapement  The  freedom  and  ease  with  which  the  balance-wheel 
gives  impulse  to  the  duplex  pallet,  and  with  such  velocity  or  quickness  of 
time,  that  less  of  the  exertion  of  the  pendulum  spring  was  required  to 
bring  the  pallet  back  to  get  a  new  impulse. 

While  Dutertre  was  engaged  with  Dr.  Hooke's  'scapement,  an  ar-> 
tist  in  England,  whose  name  is  unknown,  produced  a  'scapement  with 
the  dead  beat,  which  seems  at  that  time  to  have  been  the  great  de- 
sideratum. Julien  Le  Hoy  having  got  one  of  these  watches,  showed 
it  to  Sully  in  November,  1727,  and  told  him  that  it  was  a  'scapement 
very  deserving  of  notice.  Thiout  mentions  it  as  a  'scapement  of  M. 
FkmenviUe,  having  two  pallets  of  repose,  and  says,  that  it  much  at- 
tracted the  attention  of  the  Enghsh  watch-makers,  who  had  made  it 
for  three  or  four  years.  (See  page  108,  Plate  XLIII.  Fig.  26,  of 
his  first  volume.)  With  our  workmen,  it  went  by  the  name  of  the 
'scapement  with  the  tumbling  pallets.  The  axis  of  the  balance  had 
two  semi-cylindrical  pallets,  whose  faces  stood  in  the  same  plane  or 
centre  of  the  axis  ;  the  balance-wheel  was  the  common  crown-wheel 
one,  the  teeth  of  which  got  a  very  small  hold  of  the  face  of  the  pal- 
lets. W^hen  dropping  fi'om  the  face  of  one  pallet,  a  tooth  on  the 
opposite  side  dropped  on  the  semi-cylindrical  part  of  the  other  pal- 
let, where  it  rested  during  the  going  and  coming  of  the  vibration ; 
getting  then  on  the  face,  it  gave  new  impulse,  escaping  in  its  turn  ; 
the  pallet  on  the  opposite  end  of  the  verge  received  a  tooth  on  the 
semi-cylindrical  part,  and  so  on.  Afler  having  been  laid  aside  for 
some  time,  it  was  of  late  years  taken  up  by  several,  who,  no  doubt, 
must  have  thought  well  of  it.  Among  these  was  Kendal,  a  man  of 
no  common  talents ;  he  transformed  it  into  one  having  two  crown- 
wheels on  the  same  pinion  arbor,  the  tops  of  the  teeth  of  the  one 
pointing  to  the  middle  of  the  spaces  in  the  other,  and  with  only  one 
pallet,  the  diameter  of  the  semi-cylinder  being  of  any  size.     (See  Plate 

IX.  No.  60.)     About  thirty  years  ago,  or  more,  we  had  some  watches 
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made,  having  tumbling  pallets,  and,  after  a  few  years  trial,  gave  them 
up.  The  principle  of  the  'scapement  is  good,  as  long  as  the  parts 
of  it  remain  unimpaired,  and  the  oil  continues  fresh  ;  but  the  acting 
parts  having  such  a  small  hold  of  one  another,  get  soon  altered, 
which  causes  a  great  deviation  from  the  rate  of  time  with  which  it 
first  sets  out  They  cannot  be  expected  to  last  long,  unless  wi^a 
diamond  pallet,  and  a  steel  wheel  of  the  hardest  temper.  Drawings 
of  these  two  'scapements  being  given,  it  becomes  necessary  to  give  a 
short  explanation. 

Plate  IX.  No.  1,  is  one  view  of  the  tumbling  pallet  'scapementy 
where  W  W  represents  the  crown-wheel,  and  A  B  the  pallets.  In 
No.  2,  another  view  is  given,  where  a  tooth  on  the  lower  side  of  the 
wheel  is  seen,  as  escaping  from  the  shaded  or  dark  pallet  B ;  at.tiie 
same  instant,  a  tooth  on  the  upper  side  falls  just  in  on  the  cylindrical  part 
of  the  light  semi-cylindrical  pallet  A,  and  here  the  time  of  rest  commen- 
ces ;  on  its  return,  the  face  of  the  pallet  presenting  itself,  gets,  in  its 
turn,  new  impulse,  which  is  communicated  to  the  balance,  and  so  on* 
G  D,  No.  2,  is  a  view  of  the  bottom  of  the  crown-wheeL 

In  Kendal's  'scapement,  at  E,  No.  3,  a  few  of  the  teeth  of  the  two 
crown-wheels  W  W,  are  represented ;  a  tooth  of  the  wheel,  on  the 
right  hand  side,  is  seen  just  escaping  from  the  face  of  the  pallet  pp*  af- 
ter having  given  impulse  to  it,  and  a  tooth  of  the  wheel  on  the  left  hand 
&lls  that  instant  on  the  semi-cylindrical  part,  and  rests  there  until  the  re- 
turn, when  the  face  presenting  itself,  t7,  on  that  side,  gets  impulse  in  its 
turn,  and  so  on. 

The  free  or  detached  ^$capemeal  is  that  in  which  the  greater 
part  of  the  vibrations  of  the  balance  is  free 'and  independent  of  Che 
wheels,  the  balance-wheel  being  then  locked;  when  unlocked,  it 
gives  impulse,  which  only  takes  place  at  every  second  vibration.  In 
Mudge's  detached  'scapement,  the  impulse  is  given  at  ev^  vibra- 
tion. The  progress  which  has  of  late  years  been  made  in  improving 
the  detached  'scapement  has  been  wonderful,  when  we  considert 
that  half  a  century  ago,  the  name  of  this  'scapement  was  unknown* 
The  first  rude  draught  of  any  thing  like  it,  appears  to  be  that  of 
Thiout's,  described  at  page  110  of  the  first  volume  of  his  Work, 
and  shown  in  Plate  XLIII.  Fig.  30,  which  he  calls,  **  a  'sci^ment 
of  a  watch,  the  half  of  whose  vibrations  appear  to  be  independent  of 
the  wheel  work  during  the  time  they  are  made."  ^*  The  hook  B,  cr 
deUnlf  08  U  would  now  be  coiled,  detains  the  'scapement  wheel 
for  a  sl^ort  while;  see  Plate  X.  No.  64,  the  balance,  in  retumiogy 
carries  with  it  the  pallet  A,  and  consequently  disengages  the  book 
from  the  teeth  of  the  'scapement  wheel,  and  leaves  one  of  them  at 
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Ubarty  to  strike  anew  on  the  paUet,  and  so  on.    This  'scapement  can* 
nol  go  without  a  spinl  or  balance  spring." 

If  the  ann  from  the  pallet  ariKv  had  a  pin  to  worti  in  the  slit  of 
one  of  the  detent  anns^  it  wouM  be  greatly  improved.  Although  the 
drawing  of  this  'scapement,  which  was  given  in  Nicholson's  Journal, 
September  1806t  is  not  exactly  l&e  the  original^  the  principle  of  the 
'acapement  is,  however,  still  the  same. 

Peter  Le  Boy's  'scapement  is  the  next  step  that  was  made  towards 
this  invention.  He  contrived  it  in  1748,  and,  like  Thiout's,  it  has 
haidly  ever  been  made  use  of.  Both  of  them  have  a  great  recoil  to 
give  to  the  wheel  before  it  could  be  disengaged,  and  their  arcs  of 
free  vil»ation  aie  not  of  much  extent  Berthoud  informs  us,  that  in 
1754,  he  made  a  model  of  one,  which  he  gave  in  to  the  Boyal 
Academy  of  Sciences.  Camus,  on  its  being  shown  to  him  at  that  timcy 
told  him,  that  the  late  Dutertre  had  made  and  used  such  a  'scapement, 
having  a  long  deUtUf  and  free  vibrations.  Nothing  appears  now 
to  be  known  of  the  construction  of  Dutertre's,  and  Le  Roy  seems 
to  have  acknowledged  the  priority  of  it  to  the  one  he  contrived  in 
1748.  ^  My  thought  or  invention,"  he  says,  *'  was  not  so  new  as  I  had 
imagined.  Dutertre's  sons,  artists  of  come  considerable  repute,  show* 
ed  me  very  soon  after,  a  model  of  a  watch  in  this  way  by  their  late  fa- 
ther, iriuch  the  oldest  Dutertre  must  still  have.  This  model,  very  dif- 
ferent from  my  construction,  is,  however,  the  same  with  respect  to  the 
«id  proposed." 

The  detached  'scapement  in  Le  Roy's  time-keeper,  which  was  tried 
at  sea  in  1768,  is  very  different  from  that  of  his  in  1748. 

Berthoud,  in  his  TrmU  de$  Horologti  Manne$y  published  in 
1773,  has  given,  in  No.  281,  an  account  of  the  principle  on  which 
the  model  was  made  in  1764 ;  and,  in  No.  971,  a  particular  descrip* 
tion  of  the  parts  composing  it,  which  are  represented  in  plate  XIX. 
fig.  4,  of  that  woiiK.  It  may  be  somewhat  interesting  to  lay  before 
our  readers  what  is  contained  in  No.  281.  '^  I  composed,"  says  he, 
^in  1764»a  'sc^>ement  upon  a  principle  of  which  I  made  a  model, 
in  which  the  balance  makes  two  vibratioas  in  the  time  that  one  tooth 
only  of  Ae  wheel  escapes,  that  is  to  say,  the  time  in  which  the  ba^ 
lance  goes  and  comes  back  on  itself;  and,  at  the  return,  the  wheel 
escapes  and  restores,  in  one  vibration,  the  motion  that  the  regulator 
or  balance  had  lost  in  two.  The  'scapement  wheel  is  of  the  ratchet 
sort,  whose  action  remains  suspended  (tokUe  the  bakmce  vibraUs 
Jrtdg)  by  an  anchor  or  click,  fixed  to  an  axis  carrying  a  lever  with 
a  deer's  foot  joint,  the  lever  corresponding  to  a  pin  placed  near  the 
centre  of  iSbe  axis  of  the  balance.    When  the  balance  retrogrades,  die 
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first  vibration  being  made,  the  pin  which  it  carries  turns  the  deer's-* 
foot  joint  a  little  back,  and  the  balance  continues  freely  its  course^ 
its  liberty  not  being  disturbed  during  the  Whole  of  this  vibration^  but  by 
a  very  small  and  short  resistance  of  the  deer's-foot  joint  springs 
When  the  balance  comes  back  on  itself  and  makes  the  second  vibra- 
tion, the  same  pin  which  it  carries,  raises  the  deeHs-fbot  lever  in  such  a 
way,  that  the  anchor  which  it  carries  unlocks  the  wheel,  in  order  that  it 
may  restore  to  the  balance  the  force  which  it  had  lost  in  the  first  vi- 
bration. This  effect  is  produced  in  the  following  manner: — On  the 
instant  that  the  deer's-foot  jointed  lever  is  raised,  the  wheel  turns  and 
acts  upon  the  lever  of  impulsion,  formed  with  a  pallet  of  steel  which 
acts  upon  the  wheel,  and  with  another  arm  that  acts  on  a  steel  roller 
placed  near  the  axis  of  the  balance  ;  and,  in  the  same  instant  that 
the  wheel  acts  upon  the'  lever  of  impulsion,  the  second  arm,  which 
its  axis  carries,  and  which  is  the  greatest,  stays  on  the  roller,  and 
the  motion  of  the  wheel  is  communicated  to  the  balance,  almost  with- 
out loss  and  without  friction,  and  by  the  least  decomposition  of  force. 
As  soon  as  the  wheel  ceases  to  act  on  the  lever  of  impulsion,  the  le- 
ver falls  again,  and  presents  itself  to  another  tooth. "  "  To  render 
the  vibrations  of  the  balance  more  free  and  independent  of  the  wheel- 
work,"  continues  Berthoud,  in  No.  281,  "and  diminish  as  much  as 
possible  the  resistance  it  meets  with  at  every  vibration,  the  pin  must 
be  placed  very  near  the  centre  of  the  balance,  so  that  the  lever  may 
not  be  made  to  describe  a  greater  course  than  that  required  to  render 
the  effect  of  the  click  perfectly  sure,  and  while  the  balance  turns  and 
makes  its  two  vibrations,  prevent  only  one  tooth  from  escaping;  as 
otherwise,  it  would  be  dangerous,  by  the  seconds  hand,  which  is  car- 
ried by  its  wheel,  announcing  more  seconds  or  time  than  the  ba- 
lance by  its  motion  would  have  measured.  It  was  the  dread  of  such 
a  defect  that  made  me  then  give  this  'scapement  up,  which,  I  con- 
fess, seems  to  be  rather  flattering ;  but  it  did  not  give  to  the  mind 
that  security  in  its  eflect  which  is  so  necessary,  particularly  in  marine 
time-keepers,  the  use  of  which  is  of  too  great  consequence  to  allow 
anything  in  them  suspicious  to  be  hazarded." 

The  principle  given  here  by  Berthoud,  is  the  same  as  that  of  the 
detached  'scapements  now  made,  although  the  parts  of  the  model  are 
more  complex.  This  'scapement  had  received  a  variety  of  modifica- 
tions under  his  hands.  In  1768  he  had  five  marine  time-keepers 
planned  out  to  have  spring  detents  to  their  'scapements,  the  lifting 
spring  being  placed  on  the  roller,  or  pallet,  which  received  the  im- 
pulse. These  were  not  finished  till  1782.  Subsequent  improve- 
ments, made  by  the  late  Mr,  Arnold  and  others,   can  hardly  be  ccn^ 
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ndered  as  difiering  very  materially  from  those  of  Berthoud.  Thur 
'scaperoent  in  pocketpwatches  may  sometimes  come  under  such  cir-> 
comstances  as  haye  been  noticed  with  Tyrer^s,  or  the  duplex  ;  but  no 
other  can  well  be  admitted  into  box-chronometers,  whether  it  is  made 
in  the  manner  of  Arnold's,  or  in  that  of  Eamshaw's.  In  this  'scape- 
ment  of  Arnold's  (see  plate  IX.  No.  61 ,)  that  part  of  the  face  of  the 
pallet,  at  the  point  or  nearly  so,  on  meeting  the  cycloid  curved  tooth 
to  give  imptilse,  rolls  down  on  this  curve,  for  one-half  of  the  angle, 
and  in  the  other  goes  up;  or  it  may  be  thus- expressed, — the  curve 
goes  in  on  ^e  pallet  for  the  first  part  of  the  impulse,  and  comes  out 
during  the  last  In  making  this  curve  too  circular  near  the  point  of 
the  tooth,  as  has  been  done  by  some,  when  the  drop  is  on  the  nice 
side,  the  pallet  has  to  turn  a  httle  way  before  the  wheel  can  move 
forward,  which  has  sometimes  caused  stopping;  but  where  attention 
is  given  to  the  proper  form  of  the  teeth,  this  is  not  likely  to  happen. 

In  that  of  Eamshaw's  (see  No.  62,)  the  face  of  the  pallet  is  con- 
siderably undercut  Here,  the  point  of  the  tooth  wiU  slide  up  for 
the  first  part  of  the  impulse,  and  down  in  the  last ;  in  the  first  part 
of  its  action,  it  seems  to  have  little  to  do,  and  may  acquire  some  ve- 
locity in  order  to  overcome  the  part  it  has  to  perform  in  the  last, 
which  perhaps  may  be  deemed  a  consideration  or  property  of  some 
value.  The  face  of  the  pallet  being  undercut,  had,  from  experience, 
been  found  requisite,  cv  ia  said^  in  order  to  prevent  cutting  or  wear- 
ing. In  Berthoud's  box-chronometers,  or  time-keepers,  the  face  of 
the  pallet  is  made  straight,  or  in  a  line  to  the  centre.  One  of  them, 
after  twenty-eight  years  going,  the  greater  part  of  which  was  from 
Europe  to  India,  and  in  the  Chinese  seas,  was  put  into  our  hands,  and 
neither  the  &ce  of  the  steel  pallet,  or  that  of  the  steel  detent,  had  the 
least  appearance  of  being  any  way  marked.  This  was  the  more  re- 
markable, as  the  wheel  was  uncommonly  thin.  It  must  have  been 
made  of  very  fine  brass.  The  wheel  had  ten  teeth ;  the  ratio  of  the 
diameter  to  that  of  the  roller  or  pallet  was  .630  to  .340  :  the  balance 
weighed  174  grains,  and  made  two  vibrations  in  a  second.  The  bar 
kmce  was  suspended  by  a  short  and  very  weak  piece  of  pendulum 
spring  wire,  which  had  been  broken  by  some  accident  before  we  got 
it.  The  length  of  the  suspension  spring  required  to  be  .9  of  an  inch 
and  so  very  delicate,  that  many  were  made  before  the  chronometer 
could  be  brought  any  way  near  to  time.  It  seemed  to  have  more  in- 
fluence during  the  adjusting  of  it  to  tiftie,  than  any  spiral  spring 
coold  possibly  have.  From  being  confined  to  a  certain  length,  it  gave 
a  great  deal  more  trouble  in  the  operation,  than  otherwise  it  would 
)iave  done. 
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The  balance  of  a  marine  time-piece,  when  suspended  in  this  way  by 
a  very  delicate  piece  of  pendulum  spring  wire,  wiU  admit  of  being 
much  heavier  than  of  that  whose  pivots  run  in  bottomed  holes,  and 
rest  or  turn  on  the  end  in  one  of  them ;  because  all  the  fiictioa 
which  the  pivots  o£  the  suspended  balance  have,  is  only  on  the  edges 
of  the  friction  -rollers,  and  which  is  very  inconsiderable.  As  here^ 
each  of  the  balance  pivots  turned  between  three  rollers,  whidi  were 
more  than  one  inch  in  diameter,  and  from  them  and  tUb  suspension 
spring  perhaps  arose  '  that  ease  and  freedom  in  the  motion  of  thi 
balance,  in  consequence  of  which  the  balance-wheel  teeth  had  little 
to  do  when  impelling  the*  roller  or  pallet ;  this  may  have  been  oni» 
cause  why  the  pallet  face  was  not  cut  or  marked.  It  may  be  ob- 
served, that  it  had  the  common  spiral  balance  spring,  and  a  compen* 
sation  consisting  of  two  laminsB,  or  blades  of  brass  and  steel  pinned 
together  and  riveted;  and,  in  the  movable  end  was  a  screw,  which> 
by  its  connection  with  an  arm  in  which  the  curb  pins  were  placed* 
served  to  regulate  for  mean  time :  three  screws  in  the  edge  or  rim  of 
the  balance  were  also  used  for  this  purpose. 

When  the  diameter  of  the  pallet  roller  has  a  considerable  propor- 
tion to  that  of  the  wheel,  the  angle  of  'scapement  will  be  less,  and 
the  hold  on  the  face  of  the  pallet  by  the  wheel-teeth  will  also  be  less ; 
but  the  impulse  given  will  be  more  direct,  and  the  chance  of  stopping, 
from  any  counter-action  by  external  motion,  vrill  also  be  greatly  les* 
sened.  In  this  angle,  more  must  be  included  than  that  which  is 
made  from  the  drop  of  the  tooth  to  its  escaping  the  pallet  Th» 
angle  of  'scapement  is  included  between  the  point  where  the  tooth 
escapes  from  the  main  pallet  or  roller,  and  the  point  to  ii^ch  ^e 
lifting  pallet  comes  in  returning,  after  having  passed  the  lifting 
spring.  There  can  be  no  'scaping,  unless  the  lifting  pallet  has  pass- 
ed the  lifting  spring;  it  is  then  again  ready  to  unlock  the  wheel* 
It  is  desin^le  that  the  unlocking  of  the  wheel  should  be  made  with 
the  least  possible  resistance  to  the  vibration  of  the  balance,  which  is 
attamed  by  having  the  end  of  the  lifting  pallet  as  near  to  the  ce&tve 
of  tiie  balance  as  is  consistent  with  its  getting  such  a  hold  of  the 
lifting  spring,  that,  in  its  course,  it  can  readily  and  easily  bring  out 
the  detent  from  locking  the  wheel  The  hold  of  the  tooth  on  the  de- 
tent should  not  be  more  than  the  hundredth  port  of  an  inchs  in  some 
cases  this  may  be  even  too  much :  but,  in  doing  this,  the  supple- 
mentary angle  becomes  greater,  and  increases  the  angle  of  'scape- 
ment; and,  therefore,  it  may  be  proper  to  have  the  lifting  pallet  a 
little  longer.     A  little  additional  length  will  greatly  reduce  the  angle 
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of  'scapement)  and  not  much  increase  the  evil  of  a  greater  resistance 
to  the  vibrations  of  the  balance. 

In  a  box-chronometer«  where  the  balance-wheel  has  twelve  teeth« 
and  the  whole  angle  of  'scapement  is  to  be  60  degrees,  it  is  required 
to  find  the  ratio  of  the  diameter  of  the  wheel  to  that  of  the  roller. 
The  supplementaiy  angle  being  taken  at  16^,  the  angle  of  impulse 
must  then  be  46^,  which  is  rather  wide  as  otherwise;  but  it  will 
be  less  than  this,  when  the  thickness  of  the  points  of  the  teeth,  and 
the  spaces  for  drop  and  escape,  are  taken  into  computation.  Now, 
360^,  being  divided  by  12,  the  number  of  the  wheel-teeth,  gives  30^ 
for  the  quotient,  and,  when  divided  by  46,  the  number  of  degrees  for 
tile  angle  of  impulse,  the  quotient  will  be  8^.  The  diameter  of  the 
wheel  is  supposed  to  be  .6  of  an  inch,  to  find  that  of  the  roller, 
say,  as  12  :  6  :  :  8  :  4.  Four-tenths  of  an  inch  is  die  diameter  re- 
quired for  the  roller,  which  will  give  somewhat  less  than  45°  for  the 
angle  of  impulse.  The  diameter  of  the  roller  may  be  found  in  ano- 
ther way,  sufficiently  near  for  practice^  The  diameter  of  the  wheel 
is  .6  of  an  mch,  or  .600 ;  then  say,  as  113  :  355  :  :  .600 :  1.885, 
this  last  being  divided  by  12,  the  number  of  the  wheel-teeth,  gives 
for  the  quotient  .157,  the  distance  between  the  teeth.  This  distance, 
taken  as  a  radius  for  the  roller,  would  give  60^  for  the  angle  of  im* 
poise;  about  one-fourth  more  of  this  added,  will  give  .200  for  the 
radius,  so  that  the  angle  may  be  about  45^. 

Nothing  should  be  overlooked  which  can  contribute  to  make  tho 
balance  unlock  the  wheel  with  the  least  possible  resistance.  When 
the  wheel  is  bcked  by  the  extremity  of  the  teeth,  it  must  be  easier 
unlocked  than  when  the  locking  is  at  a  less  distance  from  the  centre 
The  unlocking  cannot  be  done  easier  than  with  such  a  wheel,  for  a 
detached  'scapement,  as  was  contrived  about  twenty  or  five  and  twenty 
years  ago  by  Owen  Robinson,  (see  No.  53,)  a  very  judicious  'scape-^ 
ment-maker  in  London,  who  worked  long  with  the  late  Mr.  Arnold. 
This  wheel  is  like  that  for  Tyrer's  'scapement.  The  long  teeth  of 
orrHe  rest  on  the  detent,  and  the  upright  teeth  give  impulse.  It  is 
evident  that  the  unlocking  with  such  teeth  must  be  very  easy,  when 
compared  with  the  teeth  of  those  wheels  which  are  made  afler  the  or- 
dinary way. 

Lest  what  has  been  said  concerning  the  principle  of  a  detached 
'scapement  may  not  be  sufficient,  we  shall  endeavor  to  describe  the 
'scapement  itself  such  as  it  is  at  present  commonly  made,  so  as  to 
give  an  idea  of  it,  and  of  the  manner  by  which  it  acts.  The  ba- 
lance-wheel of.  a  pocket  chronometer  has  frequently  fifteen  teeth,  not 
very  deep  cut,  and  a  little  undercut  on  the  face ;  a  notch*  cut  in  a 
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round  piece  of  flat  steel  or  roller,  which  is  tiiicker  than  the  wheel, 
forms    the  face  of  the    pallet      Sometimes,  or   rather  frequently,  a 
small  piece  of  ruby  or  sapphire  is  inserted  into  the  notch  at  the  face       ^  ^ 
of  the  pallet,  for  the  wheel-teeth  to  act  upon,  so  that  no  wearing  may 
ensue.     The  ratio  of  the  diameter  of  the  wheel  to  that  of  the  roller, 
*is  that    of  .426    to    .176.     When  the  wheel    and  roller  are  in  their 
places,    the    wheel    supposed    to    be    locked,    the    roller  must   turn 
freely  between  two  teeth,  having  only  freedom  to  do  so,  and  not  much 
more.     From  the  centre  of  the  roller  to  the  point  of  one  of  the  teetii 
that  next  the  last  escaped,  let  a  line  be  drawn  at  a  tangent  to  this 
toodi;    on  this  line  is  placed  the  detent    and  lifting  springs.      The 
detent  piece  on  which  the  wheel  is  locked,  is  a  small  bit  of  fine  stone, 
either  ruby  or  sapphire,  set  into  steel,  formed  into  a  delicate  spring, 
of  such  a  length  as  to  be  equal  to  that  of  the  distance  of  two  or  three 
spaces  between  the  teeth,  with  a  sole  and  a  steady  pin  at  one  end  of 
it,  which  must  be  fixed  to  the  potence-plate  by  a  screw.      This  is 
what    is  called  the  detent  apring,  the  end  of  which   goes  within   a 
little  distance  of  the  circle  described  by  the  extremity  of  the  lifting 
pallet.     On  the  left  hand  side  of  the  detent  spring,  is  attached  ano- 
ther, called  the  lifting  spring,   which  cannot  be  too  delicate,   but  is 
made  a  little  thicker  towards  the  outer  or  lifting  end  than  anywhere 
else.     This  end  of  the  lifting  spring  projects  a  very  little  beyond  that 
of  the  detent  spring.     On  the  arbor  of  the  roller  and  balance,  and 
placed  near  the  roller,  is  twisted    a  short  and  thick  steel  socket,  in 
which  is  set  a  bit  of  precious  stone,  the  &ce  of  which  is  made  flat, 
and  nearly  in  a  line  with  the  centre;  behind,  it  is  chamfered  on  to- 
wards the  point,  and  made  rather  thin  than  otherwise.     This  is  called 
the  lifting  paUet.     The    length  or  height  is  made  so  as  to  unlock 
the  wheel  to  the  best  advantage,  that  is,  by  only  carrying  the  detent 
a  short  way  beyond  the  unlocking.     This  excursion  is  to  be  confined 
to  as  small  an  angle  as  may  be.     Near  to  the  detent  piece  is  fixed  a 
stud,  in  which  is  a  screw  to  regulate  or  adjust  the  depth  of  the  de- 
tent into  the  wheel-teeth.      The  point  of  the   screw  should  be  har- 
dened, and  have  a  part  of  the  ruby  detent  to  rest  upon  it,  when  the 
detent    spring    presses    that  way.      In    fiamshaw's    way,  the  detent 
spring  presses  against  the  shoulder  of  the  screw  m.     (See  No.  62.) 
When  the  balance  is  at  rest,  the  face  of  the  lifting  pallet  n  is  very  near 
to  the  outer  side  and  end  of  the  lifting  spring.     If  the  balance  is 
brought  a  very  litde  about  to  the  lefl,  the  lifting  pallet  will  pass  the 
end  of  the  lifting  spring.     On  the  balance  being  now  turned  towards 
the  right,  at  the  moment  of  the   wheel  being   unlocked,  the  face  or 
notch  of  the  main  pallet  or  roller  presents  itself  to  receive  the  point 
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of  one  of  the  teeth»  and  is  imfMOed  by  U  with  oonadonUe  force ; 
maaawhile  the  detent  &lb  again  to  its  place*  and  k>ck8  the  wheeL 
The  balance  having  coin|ilet»d  this  yibiationi  retonis ;  in  the  r^ 
turning,  the  lifting  pallet  pushes  the  lifting  spiing  easiljr  aside,  being 
no  longer  supported  by  the  detent  spiing  when  turning  in  this  diree* 
tioov — that  is,  from  the  right  to  the  left ;  the  detent  is  again  ready  t» 
be  disengaged  on  the  next  return  of  the  balance,  and  so  on.  The 
words  right  and  UfU  in  this  description,  apply  to  Arnold's  plan  of  « 
detached  'scapement,  and  must  be  taken  on  the  contrary  sides,  whe^ 
apphed  to  Eamshaw's  plan.  It  is  usual  to  make  the  bending  port  of 
the  lifting  spring  as  weak  as  possible;  it  should  even  be  made  to 
come  to  its  place,  at  the  end  of  the  delent  q»ring,  with  no  more  force 
than  just  to  bring  it  there ;  the  detent  firing,  besides  being  also  very 
weakat  the  bending  part,  should  have  that  force  on%,  and  no  more# 
which  wiU  bring  it  to  its  banking  or  limits,  and  keep  it  there  :  the  drcohtf 
part  of  the  detent  nib  beibg  drawn  from  a  point,  that  is  the  smallest 
matter  eccentric  from  its  centre  of  motion,  will  tend  a  little,  by  means  of 
the  wheel-teeth,  to  keep  it  to  its  place.  When  these  springs  happen  to 
be  a  little  stnmger  than  what  has  been  suggested,  it  will  show  a  eon* 
siderable  difoence  (of  ]obb)  in  the  extent  of  the  arcs  of  vibration  of  the 
balance. 

Box-chronometers  are  commonfy  hung  on  gimbals,  the  plane  of 
the  dial  being  somewhat  above  that  of  the  gimbal  pivoti  ;  the  brass  box 
in  which  the  chronometer  is  fixed  may  be  about  an  inch  and  a  half 
deep,  and  this,  like  a  short  pendulum,  must  make  many  and  qukk 
vibrati<ms,  niien  afiected  by  external  motion,  fit>m  whatever  cause  $ 
and  whatever  agitation  the  chronometer  may  meet  with,  must, 
of  course,  natursUy  affect  the  motion  of  the  balance  insosis  de- 
gree. In  order  to  ccmect  or  prevent,  as  much  as  pos^le,  the  e$> 
feet  of  external  motion  reaching  the  balAnoe,  it  might  be  proposed  to 
have  the  box,  in  which  the  chronometer  is  placed,  as  long  or  deep  as 
could  conveiuently  be  adoptedf-HNiy,  from  eight  to  ten,  twelve  of 
BM»e  inches;  this  would  then  be  something  like  having  a  gfeater 
kngth  of  penduhsn,  and  consequently  any  vikwatioBS  made  by  the 
box  would  not  only  be  slower,  but  fewer  in  number,  and  hence  the 
balance  would  be  lees  8&cted«  Berthoud  seems  to  have  peic^ved 
the  advantage  of  this,  by  having  his  marine  time-keqpers  suspended 
<«  frred  in  a  long  case  or  box,  on  account  of  the  less  number  of  vi» 
brations  it  would  make  from  any  external  motion  that  mi^  take 
place.  In  one  of  hie  marine  clocks,  the  brass  case  which  contained 
it  had  a  thick  i»ece  of  lead  fixed  to  the  bottom  inside,  in  order  to 
make  the  clock  hang  steady  on  its  gimbals ;  the  case  over  all,  from 

32 


S50  HANGING  IN  GIMBALS. 

the  bottom  to  the  top  of  the  glass,  was  about  nine  inches  and  a  half 
in  'length,  and  the  whole,  when  together,  weighed  sixteen  pounds, 
three  ounces  and  a  ha]£  The  pivots  of  the  gimbals  were  about  three 
and  a  half,  or  four  inches,  or  perhaps  a  little  more  below  the  plane 
of  the  dial,  but,  as  thus  placed,  were  in  the  plane  of  the  balance,  so  that 
any  pendulous  motion  the  case  might  get,  should  be  as  slow  as  pos- 
sible, and  have  the  least  effect  on  ^e  balance.  A  pendulum  may 
be  so  fitted  up  as  to  give  as  few  vibrations,  in  a  given  time,  as  one  of 
six  times  the  length.  Having  the  rod  extended  above  and  below  the 
centre  of  motion,  a  weight  of  130  grains  being  on  the  upper  part  of 
die  rod,  at  seven  inches  above  the  centre  of  motion,  and  a  ball  of 
480  grains,  three  inches  and  two  tenths  of  an  inch  below  the  centre, 
would  require  a  minute  to  make  fifly  vibrations ;  a  pendulum  to  do 
this  in  the  ordinary  way,  would  need  to  be  fifty-six  inches  and  a  half 
in  length.  The  weight  of  130  grains  being  placed  one  inch  and 
two  tenths  above  the  centre  of  motion,  the  vibrations  in  a  minute 
will  be  one  hundred  and  sixty.  The  vibrations  of  a  pendulum,  one 
inch  and  a  half  in  length,  the  depth  or  length  of  the  box  which  usually 
contains  our  chronometers,  ought  to  make  above  three  hundred  vibrations 
in  a  minute,  which  is  six  times  the  number  that  would  be  made,  were 
they  suspended  properly  in  a  deeper  or  longer  case  ;  and  surely,  when 
the  agitation  or  the  number  of  vibrations  can  be  so  much  lessened, 
must  not  this  also  lessen  its  effect  on  the  motion  of  the  balance  1  Not- 
withstanding what  has  been  said,  it  is  surprising  to  observe  with  what 
steadiness  marine  time-keepers  in  gimbals  maintain  the  horizontal 
position,  even  while  the  ship  may  be  pitehing  or  roUing  with  great 
force. 

Our  marine  or    box-chronometers    are   commonly   turned   upside 
down  before  they  can  be  got  at  to  wind  up  ;  and  this  motion  of  turn- 
ing them,  however  litde  the  influence  it  may    have  on   the   motion 
of  the  balance,  yet  it  may  be  supposed  to  have  some,  which  might 
be  easily  obviated,  by  making  the  winding  up  have  place  on  the  dial, 
the  fusee  square  being  made  to  come  up  as  much  above  the  surface, 
as  just  to   allow  freedom   for  the   minute-hand  to   pass  freely   be- 
tween the  glass  and  the  top  of  the  fusee  square,  nor  ought  the  hour- 
hand  to  be  put  concentric  with  the  minute-hand :  the  custom  of  our 
artists  doing  so,  has  made  any  inconvenience  attending  it  be  over^ 
locked.    It  is,  however,  obvious,  that  when  the  hour  and  minute-hands 
are  passing  together  over  the  place  where  the  seconds  circle  and  se- 
conds hand  are,  that  this  assembkge  of  all  the  hands,  to  say  the  least 
of  it,  must  create  a  degree  of  confusion  at  this  time>  and  give  more 
trouble  to  an  observer  to  take  the  time  so  accurately  as  he   could 
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iriah  to  have  it  Berthoud,  Le  Roy,  and  othen  dT  tbe^French  ar^ 
tistSy  always  placed  the  hands  of  their  chronometers  separatelji  and 
from  one  another,  for  the  reasons  which  have  been  stated,  as  well  as  for 
other  views  they  had,  regarding  the  drawing  the  calipers  of  tibe  movement 
of  these  machines. 

The  detached  'scapement  of  Mudge  was  contrived  more  than  six^ 
years  ago,  if  we  may  reckon  from  the  year  1766,  when  he  showed  it  to 
Berthoud,  who  was  then  in  London,  and  who  informs  us  that  it  had  been 
made  a  considerable  time  before.    See  Plate  X.  No*  66. 

This  'scapement  is  composed  of  a  ^heel  and  pallets  like  those 
made  for  the  dead  beat  '«capement  of  a  clock,  only  (be  wheel-teeth, 
are  not  cut  half  the  depth.     On  the  veige  or  aibor  of  the  pallets  is 
placed  an  arm  of  some  length,  genei;^y  a  little  longer  than  that  of 
the  pallets.    The  end  of  this  arm  is  formed  into  a  foik-like  shape. 
On  the  axis  of  the  balance  is  a  short  pallet,  whose  acting  end  may 
be  of  a  small  circular  form,  having  the  sharp  part  of  the  an^^es  blunt- 
ed, coming  a  httle  way  within  the  prongs  of  the  fork,  which  alternate- 
ly acts,  and  is  acted  upon.    There  is  also  on  the  axis  of  the  balance 
a  small  roller,  having  a  notch  in  it    On  the  end  of  the  aim  is  atp 
tached  a  small  steel  piece  or  index,  in  a  plane  which  may  either  be 
above  or  below  the  prongs  of  the  fork ;  this  index  is  on  the  outside 
of  the  roller,  when  the  free  part  of  the  vibration  is  performing!  and 
prevents  the  wheel-teeth  from  getting  away  from  the  place  ,of  rest 
On  the  return  of  the  balance,  the  index  passes  with  the  notch  in  the 
roller  to  the  of^site  side;  meanwhile  the  short  pallet  gets  into  the 
fork,  meeting  with  one  of  the  prongs,  pushes  it  on  a  very  little  way, 
and  thus  disengages  the  teeth  of  the  wheel  from  the  circular  part  of 
the  pallet,  where  they  rest  during  the  free  excursions  of  the  balance. 
When  disengaged,  the  teeth  get  upon  the  flanches  of  the  pallet,  and 
give  impulse,  which  causes  the  opposite  prong  of  the  fork  to  come 
forward  on  the  short  pallet,  and  communicate  impulse  .to  it    There 
are  two  short   pallets,   and   the   prongs  of  the   fork  lie  in  different 
planes.    The  impulse  in  this  'scapement  is  given  at  every  vibration; 
and  it  seems  to  have  performed  uncommonly  well  in  the  watch  yrbkk 
he  made  for  her  kUe  Majesty  Queen  Charlotte.     It  is  by  no  means 
suited  for  the  execution  of  ordinary  workmen,  as  it  requires  more  ad- 
dress than  usually  falls  to  their  share.     The  late  Mr.  Emery  was 
much  taken  up  with  it;  and  although  he  had  a  little  success,  and 
had  the  aid  of  a  very  excellent  workman,  yet  he  experienced  consi- 
derable difficulties.     It  may  be  somewhat  easier  managed,  by  adqytp 
ing  Lepaute's  mode  of  Graham's  dead  beat,  which  we  have  tried    Of 
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lale  iHs  principle  of  Mudge's  has  been  ad<^ited  in  many  comnHNi  poeket 
waldief* 

TIm  following  10  ^  description  of  the  'aeapement,  given  neariy  in  Mr. 
Hudge's  own  words.  A,  the  balance  or  pallet  wheel:  B  and  C^ 
pallets  similar  to  dead-beat  pallets  in  clock-woik,  from  the  centre  of 
wUehf  at  Df  an  arm  projects,  having  the  foriced  endsa,&.  Upon  the 
a^is  o€  the  balance  are  the  pallets  d  and  e,  irinch  act  and  are  acted  upon 
alteniatety  by  the  forked  ends  a,  6,  of  the  arm  D.  The  pallets  e,  d,  as 
well  as  the  forked  ends  a*  &«  lie  in  different  planes,  viz.  the  pallet  d,  and 
the  prcjeetioii  a,  are  in  one  ^lane ;  whilst  the  other  pallet  e,  and  the 
other  projection  6,  are  in  anodier  plane,  as  represented  at  1*  Upon  the 
arm  D«  1  and  2,  is  screwed  the  piece^^  by  means  of  which,  and  the 
vsUer  g,  the  wheel  is  prevented  from  being  milocked  when  the  forked 
ends  ff,  ft,  and  the  pallets  d  and  e,  are  disengaged.  This  piece  ieUftaiU 
tn  Jto.  56. 

In  1702,  a  very  neat  and  ingenious  sort  of  a  detached  'scapement  was 
contrived  by  the  late  Mr.  Howell,  founded  on  that  of  Kendal's,  tn  vjftote 
ktmde  he  had  occaaion  JirequenUy  to  see  ti,  in  which  the  wheel-teeth  rested 
on  the  semi-cylindrical  part  of  the  pallet,  during  a  part  of  the  going  and 
returning  nbmtions  of  the  balance,  as  has  already  been  described  in  thai 
ef  Kendcf  s. 

In  this  of  Howell's,  after  impulse  is  given  on  the  foce  of  the  aemi- 
oylinder,  and  just  before  die  tooth  is  quit,  a  detent  is  presented  to  re*- 
eeive  one  of  the  wheel-teetfa ;  this  looks  it,  by  which  the  action  of  the 
iflieels  is  suspended  during  thQ  greater  part  of  the  going  and  retum- 
iQig  vilmitions,  the  pallet  being  then  free^  and  independent  of  the  wheels. 
%Us  'scapement  is  composed  of  two  crown  wheels,  A  B,  A  B,  Plate  X. 
No.  66* ;  on  &e  same  pmion  arbor  pji,  the  points  of  the  teeth  of  the  one 
wheel  being  epposito  |o  the  middle  of  tiie  spaces  in  the  other.  On 
Ae  axis  or  verge  of  the  balance  R  R,  which  stands  quite  close  to  diat 
of  (be  balance  or  crown  wheels,  is  a  semi-cylindricsd  paBet,  whose 
diameter  should  be  made  accordii^  to  the  angle  of  the  'scapement 
teqniredy  which  wffl  also  regulate  the  distance  of  the  wheels  from  each 
odMi;  The  pallet  is  put  near  to  die  c^et  on  which  the  balance  is 
lit^eted )  a  snuill  aibor  at  h^  havmg  very  fine  or  small  pivots,  is  run 
insoas  to  stend  parallel  with  that  of  tiie  balance,  and  placed  at  some 
ilsfiuipe  outeide  of  the  wheels ;  but  iriiere  a  line  drawn  from  it,  and 
fttSsiBg  at  ^qnal  distances  from  or  between  tiie  points  of  the  wheel- 
teeth,  when  cotitinued,  shall  M  in  with  the  centre  of  die  balance. 
0|i  this  aibor  is  fiKod  an  arm  d  ci,  at  the  inner  end  of  ^^nch  is  a  small 
tfnk  and  faid«x ;  on  die  ¥«ige  or  balance  aiis,  and  near  the  lower  end. 
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is  a  short  pallet*  and  a  roRer  connecting  with  the  fork  and  index,  in 
imitation  of  Madge's*  acting  in  the  same  way  as  has  been  described* 
but  here  cnlty  in  the  locking  and  unlocking  part  Where  the  arm 
passes  between  the  wheel-teeth,  which  majbe  at  ninety  degrees,  or 
80*  from  where  tiuy  act  on  the  pallet*  are  fixed  at  d  two  detent  pieces* 
one  for  each  wheel;  opposite  to  tiie  inside  ano,  and  in  the  same  line 
with  it*  a  part  of  it  is  prolonged  beyond  the  smaU  arbor  at  ft*  outside 
of  it*  with  a  small  ball  on  the  extreme  end  by  way  of  counterpoise* 
near  to  where  two  screws  &  6*  in  fixed  studs  not  represented*  serve 
here  as  a  banking.  It  may  easily  be  conceived*  that  one  of  the 
wheeh  being  locked*  suppose  that  on  the  left*  the  balance*  when  re- 
turning from  the  left  to  the  right*  will*  by  means  of  die  short  pallet 
and  forked  arm*  &c.  cany  the  detent  away ;  and,  just  as  the  point  of 
die  tooth  is  free*  the  fhce  of  the  semi-cylinder  is  presented*  to  meet 
with  a  tooth  of  the  same  wheel  and  get  impulse ;  but  before  this  tooth 
has  nearly  escaped,  the  other  detent  is  ready  to  receive  a  tooth  of 
Ae  opposite  wheel*  and  so  on.  Tliis  'sci^ment  gives  an  impulse 
at  oveiy  vibradon*  as  is  done  in  Mudge's.  In  the  tendi  volume  of 
die  TlrmuaeHoM  of  the  Society  for  the  Encouragement  of  Arls^ 
4^.  .diere  is  a  description  and  drawing  of  this  'scapement  It  may 
be  observed,  that  where  the  semi-cylindrical  pallet*  either  fiiced  with  a 
piece  of  precious  stone*  or  made  wholly  so*  the  'scapement  would  go 
on  for  a  considerable  time  without  fidling  ofil 

In  the  marine  time-keepers  which  Mr.  Mudge  himself  had  made* 
die  'scapement  is  apparendy  on  a  very  flattering  principle,  which  he 
had  suggested  as  the  means  of  improvement  many  years  before  he 
put  it  in  practiee.  Their  good  performance  seems  to  have  been  un- 
equalled ;  and  k  is  singular  that*  notwithstanding  the  efforts  of  three 
or  four  of  the  best  or  ablest  woikmen  that  could  be  got  to  the  estab- 
fishment  set  up  by  Mr.  Mudge,  jun.  in  order  to  put  this  'scapement 
of  his  ftther's  to  time-keepers*  which  iheg^  the  artists,  were  employed 
to  make,  not  one  was  ever  produced  diat  was  at  all  equal  to  the 
originals.  This  'scapement  is*  however*  really  veiy  complex*  ela- 
borate, and  of  course  expensive  in  making  :  yet*  when  once  executed* 
it  will  be  pennanent  in  ite  effect*  and  require  no  after  adjustment 
like  the  common  detached  one.  After  what  has  happened*  it  is  not 
likely,  however*  diiU  it  will  be  again  adopted. 

The  basis  of  itis*  that  of  the  curious  old  crown  wheel  and  verge.  i 

In  place  of  d&e  verge  being  in  one,  having  two  pivots,  and  the  ba- 
lance riveted  on  it*  let  us  conceive  that  each  of  the  pallets  of  the 
verge  has  an  arbor  and  two  pivots*  and  diat  the  balance  is  on  a  double- 
kneed  crank,  having  a  pivot  al  the  end  of  each  knee*  one  of  which 
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may  be  called  the  foot  pivot,  the  other,  the  balance  {Mvot ;  the  |Mece 
of  steel  from  which  this  last  is  turned  being  in  the  collet  on  which 
the  balance  is  riveted.     These  pivots,  and  those  of  the  pallet  arbors, 
are  in  one  upright  line,  coinciding  and  concentric  with  one  another^ 
having  their  motion,  as  it  were,  free  and  independent  of  each  other, 
unless  when,  in  their  parts  of  the  action  of  the  'scapement,  the  hce 
of  the  pallets,  in  place  of  being  flat,  are  hoUow  or  a  Uttle  curved,  hav- 
ing a  nib  at  the  edge  to  lock  the  wheel  by.     On  the  lower  end  of  the 
lower  pallet  or  arbor,  is  an  arm,  projecting  nearly  as  far  as  the  bending 
part  of  the  crank  knee,  in  which  is  fixed  a  pin  that  acts  on  the  inner 
side,  and  near  to  the    end  of  the  arm,  and  is  alternately  acted  upon : 
close  by  the  arm,  and  on  the  pallet  arbor,  the  inner  end  of  a  spiral 
spring  is  fixed;  the  outer  end  is  in  a  stud,  having  a  certain  degree 
of  tension    or  bending  up  {in  that  direction  which    tendi  to  bring 
the  paUeis  doton  into  the  spaces  of  the  teeth)   before  fixing  it  in  the 
stud.     The  upper  pallet  arbor  has  the  same  as  has  been  describcid  to 
the  lower    one,  and  a  "corresponding   pin  in  the  upper  knee  of  the 
crank.     It  may  easily  be  conceived,  that  the  length  of  the  crank  knees 
ought  to  be  such  as  to  allow  it  to  sweep  round  and  behind  the  crown 
wheel,  its  boundary  or  banking  being  that  of  the  crown-wheel  arbor, 
or  its  pinion  arbor.     When    the  pallets  are  not  raised  up,  and  the 
wheel  unlocked,  the  tendency  of  the  spiral  springs  is  to  bring  them 
down  within  the  spaces  of  the  crown-wheel  teeth*     Suppose  the  up- 
per pallet  raised  up,  and  the  wheel  locked,  the  under  one  being  in  the 
reverse  position,  and  the  balance  vibrating  towards  the  right,  the  pin 
in  the  upper  crank  will  of  course  meet  with  the  small  arm,  and,  car- 
rying it  on  a  Utde  way,  the  wheel  tooth  gets  disengaged ;  by  this,  the 
wheel  getting  forward,  the  lower  pallet  is  raised  up,  and  the  wheel  is 
again  locked.    In  the  interim,  the  upper  arm  being  carried  on  a  few 
degrees,  by  means  of  the   momentum  of  the  balance  in    vibrating, 
bends  up^  the  spiral  still  more  than  what  was  done  by  the  wheel  in 
raising  up  the  pallet ;  the  reaction  of  which,  on  the  returning  vibration, 
gives  impulse,  by  means  of  the  arm  on  the  pin  of  the  crank.     The 
pin  in  the  lower  crank  now  getting  forward,  meets  with  the  arm  of 
the  lower  pallet  arbor,  carries  it  on,  the  wheel  gets  disengaged,  and 
so  on.     This  'scapement  cannot  set  itself  olBT;  for,  before  this  can  be 
effected,   the    plane  of  the   balance    must  get  some   degree  of  ex- 
ternal circular  motion.     The  balance  maybe  said  to  be  free  in  that 
part  of  the  vibration,  afler  the  pin  of  one  crank  has  lefl  its  corres- 
ponding arm,   till  the  pin   of  the  other  meets  with  its  arm ;    this  is, 
however,  so  momentary,  that  it  has  no  chiim  to  the  t^e  of  a  free 
or   detached  'scapement,  as  so    catted  by  a  distinguished    orM^ 
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name  which  foreign  ardsts  will  think  rather  an  improper  one.  Ber- 
thoud  says,  it  is  one  of  the  most  ingenious  remontoir  'scapements 
hitherto  known.  The  balance  had,  on  its  arbor,  two  spirals  or  pen« 
dulum  springs,  for  the  purpose  of  obtaining  the  most  isochronous  v^ 
hrations.  Somethmg  in  this  way  had  formerly  been  proposed  by  one 
of  the  Bemoinllis.  Drawings,  and  a  more  detailed  description  of  this 
'scapement,  will  be  found  in  the  work  published  by  Mr.  Thomas  Mudge, 
junior,  entitled,  **  Ji  descr^Han^  with  plaU$^  cf  the  Time-Keeper  invent- 
ed hy  the  late  Mr.  TJunnas  Mudge.  By  Ihtmas  Mvdge^  hie  eon. 
London^  printed  for  the  AUhor,  1799.''  The  compensation  work  in 
this,  like  every  thing  of  Mudge's,  is  ingenious  ;  though  nothing  of  this 
kind  can  ever  be  equal  to  that  of  being  in  the  balance  itself.  The  train 
of  wheels  went  contrary  to  the  <»dinary  direction,  and  we  have  no  sat- 
isfactory reason  assigiked  for  it. 

The  foregoing  description  of  this  'scapement  of  Mudge's  may  per- 
haps be  rendered  more  intelligible,  by  having  recourae  to  the  letters 
in  Pkte  YI.  Nos.  32,  33,  which  represent  the  'scapement  under 
different  views,  the  letters  referring  to  the  same  parts  in  both  figures. 
A  A,  the  balance-wheel ;  BB,  the  balance,  the  verge  or  axis  of  which 
C  C,  is  a  crank :  F,  the  pendulum  spring,  by  means  whereof  the  time- 
keeper is  regulated :  G,  the  pendulum  spring  stud,  which  is  screwed 
on  tiie  cock:  H,  the  pendulum  spring,  which  is  acted  upon  by  the 
compensation  pieces :  I,  the  stud  wkdch.  is  screwed  on  the  upper 
plate :  D,  a  «  ik  m,  and  £,  bf  i  /,  are  two  compound  pieces,  which  com- 
municate the  motion  from  the  balance-wheel  to  the  balance,  and  con- 
sist of  the  following  ports,  viz.  the  projections  or  pallets  /  m,  which 
are  acted  upon  by  the  teeth  of  the  balance-wheel,  and  were  made  of 
black  flint  in  the  original  time-keeper,  but  they  may  be  made  of 
ruby,  sq>phire,  or  other  hard  stone ;  a  and  6,  steel  arms,  which  act 
upon  the  pins  e  (i,  of  the  balance  crank ;  e  and  fi  the  impelling  springs 
iriiidi  are  attached  to  the  arbora  of  the  pallets  at  the  inner  ends,  and 
to  the  studs  g  and  ^  at  the  outer  ends ;  t  and  A;,  small  screws  which  fix 
the  pallets  to  the  arbora  by  means  of  the  clamps  or  pieces  ^f  steel  D 
and  £ ;  1  and  2  are  separate  views  of  the  pallets  and  their  springs. 
Having  mentioned  all  the  parts  of  the  'scapement,  we  shall  now  attempt 
to  describe  its  action. 

When  the  balance-wheel  (ae  appears  in  No.  33,)  has  raised  the 
pallet  2,  this  is  kept  from  going  any  farthw  by  the  hook  at  the  end 
of  it,  until  the  pin  d,  in  the  crank,  meets  the  arm  b ;  for  then  the  crank 
will  carry  on  with  itself  the  arm  6  to  the  end  of  its  vibration,  and  at 
the  same  time,  the  tooth  of  the  wheel  will  be  disengaged  from  the 
above-mentioned  hook  at  L    Afterwards,  as  the  crank  returns,  the  arm 
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bf  actuated  by  its  spring  /  will  communicate  an  impulse  to  the  crank, 
and  soon  after  its  crooked  part  will  come  to  rest  against  one  of  the 
teeth  of  the  wheel,  which  again  raises  the  pallet  L  With  respect  to  the 
balance-wheel,  as  soon  as  its  tooth  is  disengaged  from  the  pallet  /,  by 
the  means  above  stated,  it  raises  the  pallet  m,  which,  on  the  returning 
vibration  of  the  balance,  is,  by  the  pin  c,  acting  on  the  arm  a,  cairied  on 
in  a  contrary  direction,  after  the  manner  mentioned  respecting  tne  other 
pallet ;  and  thus  the  springs  attached  to  the  two  pallets,  alternately  give 
their  auxiliary  aid  to  the  vibrations  of  the  balance* 

It  may  perhaps  gratify  the  reader  to  have  Berthoud's  observations 
on  this  'scapement — "  The  assemblage  of  parts  in  this  'scapement 
may  appear  seducing;  however  it  is  to  be  dreaded,  that  a  mechan- 
ism 80  complicated,  and  the  action  of  whose  parts  is  so  delicate,  can- 
not be  easily  put  in  practice ;  for  it  requires  an  extreme  niceness  of 
execution  to  make  their  effect  sure  and  certain,  such  as  the  stop  for 
the  pallets,  to  make  the  axis  of  the  pallets  coincide  exactly  with  thai 
of  the  balance,  the  pallets  of  the  remontoir  increasing  the  friction  of 
the  regulator ;  two  pivots  of  these  pallets  are  constantly  in  action  dur- 
ing each  vibration,  which  comes  to  the  same  thing  as  if  the  balance 
had  four  pivots,  &c." 

^  We  shall  observe,  moreover,  that  the  regulator  of  Mr.  Mudge  is 
composed  of  four  spiral  springs,  two  for  the  pallets,  and  two  for  the 
balance ;  and  these  ou^t  to  procure  isochronism ;  for  it  is  indispen- 
sably necessary,  that,  in  a  portable  machine,  the  oscillations  of  unequal 
extent  of  the  balance  should  be  isochronous  ;  now,  if  they  are  so,  the 
mechanism  of  the  remontoir  is  of  no  use,  and,  if  tiiey  are  not  so,  the 
watch  will  vary,  nohnthstanding  the  remonloir^  when,  from  agitation 
or  shocks,  the  balance  shall  describe  greater  or  less  arcs;  and  air 
80  when  these  arcs  shall  vary  either  by  the  friction  of  the  pivots,  or  by  a 
change  offeree  in  the  spirals  by  heat  or  by  cold,"  &c. 

Although  the  balance  in  pocket-watches  maybe  put  tolerably  near 
to  the  equilibrium,  yet  many  circumstances  contribute  to  make  them 
go  unequally  in  different  positions,  such  as  in  hanging,  laying,  &c. 
which  require  time,  and  give  a  great  deal  of  trouble  before  they  can 
be  completely  corrected.  In  order  to  get  the  better  of  this,  Bregud^ 
an  eminent  watch-maker  in  Paris,  contrived  a  'scapement,  which, 
with  the  pendulum  spring  stud,  revolved  round  the  centre  of  the  ba- 
lance once  every  minute.  By  this  means^  whether  the  balance  was 
in  equiUbrium  or  not,  the  going  of  the  watch  was  little  affected  by  it, 
as  every  part  of  it  was  up  and  down  in  the  course  of  a  minute,  which 


COHPENSATION    CURBS.  S57 

eompensated  any  want  of  equilibrium  in  it  This  contrivance  is  mere- 
ly mentioned  by  Berthoud  in  his  Hisioirt^  as  he  did  not  think  himself 
at  liberty  to  give  any  description  of  it,  since  Breguet  had  a  patent 
or  hrtttt  d'imentian  to  make  them.  We  have  been  informed  that 
the  same  sort  of  thing  had  been  made  before  by  the  late  Mr.  John 
Arnold,  to  ^om  Breguet  had  acknowledged  having  copied  the  inven* 
tion  from  him. 

Those  who  wish  for  further  information  respecting  'scapements,  may 
consult  TraiU  ^Horlogerie^  par  M.  Thiout.  Hiatoire  de  la  JI&. 
iure  du  Temp8^  par  M.  J.  Berthoud.  And  the  Transaclums  of  the 
Sodehf  for  the  Encouragement  of  Arta^  Commerce,  &c. 


CHAPTER  IX. 


On  CompeMoiion  Curbs,  and  Balances, 

COMPENSATION  against  the  efiect  of  heat  and  cold  in  tinie-keepers* 
is  certainly  one  of  the  greatest    improvements  that  has  been  made. 
Without   this,  they  would  have  been  far  from    keeping    time,    and 
would  have  varied  continually  with  the  temperature  of  the  atmosphere, 
80  that  no  fixed  or  settled  rate  could  have  been  obtained.     The  detached 
'scapement  vidll  show  this  more  than  any  other ;  for  if  there  is  no  com- 
pensation to  it,  the  watch  will  vary   nearly  thirty  seconds  in  twenty- 
four  hours.     The  influence  of  oil  in  the  cylinder  'scapement  becomes 
in  itself  a  sort  of  compensation,  and  the  effect  of  changes  of  tempe- 
rature is  much  less  obvious  in  it  than  in  the  detached   'scapement. 
'I*here  is  veiy  great  reason   to  believe,  that  Harrison  was  the    first 
who  appUed  a  compensation;   but  there  is  no  written  documents  to 
warrant  us  in  ascribing  to  him  the  honor  of  the  invention,  to  which, 
however,    we  think  he  has  a  just  title.     Some  very  imperfect  hints 
thrown  out  by  Martin  Folkes,  Esq.  President  of  the  Royal  Society, 
about  1749,  of  Harrison  having  some  mechanism  of  this  sort  to  the 
three  time-pieces  made  prior  to  a  fourth,  which  gained  the  reward  voted 
by  Parliament ;  but  as  no  description  of  this  was  ever  published,  the 
French  artists  have  had  it  in  their  power  to  claim  the  priority.     In 
Harrison's   fourth  machine,  it  is  known  that  the  compensation-piece 
was  composed  of  laminse  of  brass  and  steel  pinned  and  riveted  toge- 
ther in  several  places.     Perhaps  those  in    the  three  former  diflS^red 

little  or  nothing  from  this. 
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The  first  pocket^watch  made  in  Europe  with  a  compensation  was 
by  F.  Berthoud.  It  was  begun  in  1763,  finished  the  beginning  of 
1764,  and  was  sold  in  London,  in  1766,  to  Mr.  Pinchbeck,  for  his 
Britanic  Majesty  King  George  the  Third.  The  compensation  was  ef^ 
fected  by  laminse  of  brass  and  steel  piimed  together,  one  end  of 
which  being  fixed  to  the  potence  plate  outside,  the  other  acted  on  a 
short  arm  projecting  from  a  movable  arbor, — a  longer  arm  having 
the  curb  pins  in  it,  which  were  made  to  move  nearly  in  the  circle 
of  the  outer  coil  of  the  spiral  spring.  It  had  a  common  crown-wheel 
and  verge-scapement,  and  a  going  work  in  time  of  winding.  The 
balance  was  so  heavy  as  to  set,  that  %8^  if  the  balance  wot  brought 
to  rest  by  the  finger^  it  would  remain  50,  till  set  off  by  a  circular 
moifon,  being  sixteen  grains  in  weight,  and  the  vibrations  were 
four  in  a  second.  Mr.  Kendal  adopted  this  mode  of  compensation 
in  some  of  his  pocket^watches.  See  Fig.  4,  Plate  XYI.  of  Ber- 
thoud's  Hhtoire^  4rc. 

Mudge,  some  time  before  the  year  1770,  made  a  watch  for  Mr. 
Smeaton,  in  which  the  compensation  was  effected  by  two  long  slips 
of  brass  and  steel  soldered  together;  being  aflerwards  dressed  up, 
Ae  united  piece  was  coiled  or  turned  up  into  a  spiral,  as  close  toge- 
ther on  the  coils  as  to  be  free,  and  no  more.  The  inner  end  was 
fixed  to  a  circular  curbed  toothed  wheel ;  a  short  portion  of  the  outer 
end  had  a  sort  of  pivot  formed  on  it,  bent  in  the  circle  of  the 
outer  coil,  and  supported  by  a  small  stud  fixed  in  the  curb  wheel, 
having  freedom  to  move  easily  in  a  hole  in  this  stud.  At  this  end 
were  the  curb  pins,  between  which  the  spiral  or  pendulum  spring 
played ;  the  effect  of  heat  or  cold  on  it  was  counteracted  by  the  s{h- 
ral  compensation  piece.  The  'scapement  of  this  watch  was  the  cy- 
lindrical or  horizontal  one ;  and  so  long  as  the  oil  kept  clean  and 
fresht  the  compensation  might  be  useful  to  it.  In  1774,  we  made  one 
or  two  of  the  same  sort  of  compensation  curb- work  for  horizontal 
watches.  At  that  time  no  better  kind  of  'scapement  and  compensa- 
tion were  much  known,  at  least  so  far  as  came  under  what  was  then  in 
tfie  common  practice. 

Notwithstanding  what  has  been  already  mentioned,  it  may  be  pro- 
per to  observe,  that  an  artificial  compensation  against  the  effects  of 
heat  and  cold  on  the  pendulum  spring,  can  be  of  litde  or  no  use  to  a 
watch  having  the  cylinder  'scapement,  unless  for  a  short  time,  while 
the  oil  is  clean  and  fresh  on  the  cylinder.  From  the  nature  of  this 
'scapement,  and  the  oil  which  is  requisite  for  it,  it  possesses  in  itself 
a  kind  of  natural  compensation,  as  we  have  mentioned  before.  This 
is  quite  otherwise  with  (he  free  or  detached 'scapement,  which  is  more 
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peifect  and  independent  <^  oil ;  for  the  efiect  of  heat  and  coU  on  the 
penduhim  spring  in  it  are  so  immediately  obvious,  as  to  show  that  it 
cannot  do  well  without  an  artificial  compensation  to  correct  those 
effects. 

For  the  ti^  of  Le  Roy's  time-keeper  in  1768,  a  voyage  was  underta* 
ken  on  purpose,  the  particulars  of  m^ch  were  published  by  M.  Cassini 
andM.  Le  Roy,  jointly  in  1770,  accon^mnied  with  drawings  of  that 
4ime-keeper.  Le  Roy,  in  the  same  volume,  gives  a  compensation  ba- 
lance, which  is  pretty  nearly  like  those  of  the  present  day,  only  the  lam^ 
n»  are  pinned  together,  in  place  of  the  brass  being  melted  on  the  steelt 
as  is  done  by  our  artists.  The  compensation  of  Le  Roy's  time-keeper, 
however,  was  not  of  this  kind.  It  consisted  of  two  glass  tube  ther- 
mometers, bent  nearly  into  the  form  of  a  parallelogram,  with  a  small 
ball  to  each  at  one  end ;  the  other  open,  and  filled  partly  with  mer- 
cury, partly  with  spirit  of  wine:  these  were  fixed  to  the  axis  o(  the 
balance  oi^MMsite  one  another ;  the  baUs  lay  very  near  to  the  axis.  It 
would  a{qpear  that  Le  Roy  had  not  thought  of  a  metallic  compensa- 
tion, until  the  return  of  his  time-keeper  from  the  voyage.  He  had 
taken  the  idea  ef  this  firom  getting  an  account  of  Harrison's,  which  was 
sent  to  the  Royal  Academy,  signed  by  Ludlam,  who  was  one  of  the 
scientific  gentlemen  appointed  by  the  Commissioners  of  the  Board  of 
Longitude,  to  take  Harrison's  account  of  his  time-keepec,  previous  to 
any  part  of  the  reward  being  paid  to  him. 

In  a  Life  of  Peter  Le  Roy,  the  son  of  Julien,  the  method  of  com- 
pensation is  erroneously  ascribed  to  that  artist's  fiither,  **  to  whom  we 
are  indebted,"  says  the  writer  of  the  article,  ^  for  the  method  of  com- 
ptesating  the  effect  of  heat  and  cold  on  the  balances  of  chronome- 
ien^  by  the  unequal  expansion  of  different  metals.  This  efftct  take$ 
place  chiefly  on  the  pendiukan  ijprmg,  and  a  pkUn  balance  ie  verji 
UtUe  affecUdi — a  discovery  which  has  been  brought  by  our  English  ar- 
tists to  a  state  of  great  perfection>  although  it  had  been  laid  aside  by 
the  inventor's  son  Peter." 

It  is  difiicult  to  understand  how  this  mistake  should  have  been  com- 
mitted ;  for  the  following  account  (^  the  discovery,  given  by  Peter  Le 
Roy  himself  is  in  direct  contradiction  to  the  preceding  statement  But, 
to  allow  the  reader  to  judge  fot  himself^  we  shall  give  it  in  his  own 
language. 
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^  Observation  Y. — Sur  la  Campetuation  des  Effets  de  la  Chaleur  d 

du  Froid, 

**Selon  la  gazette  du  commerce,  et  la  taport  signi  Ludlam,  en- 
royh  ^  I'academie,  pour  remedier  aux  irregulariifes  produites  dans 
les  montres  marines  par  la  chaleur  et  par  le  froid,  Jif.  Harrison 
ae  aert  d^une  barre  compoa^e  de  deux  pUcea  mificea  de  cuifjre  et  deader 
de  la  longew  de  deux  poucea^  riviea  enaemhh  dana  pluaieura  endroita^ 
fixiea  par  un  baut^  et  ayant  de  Vautre  deux  goupiUea  au  travera  dea- 
queUea  paaae  le  reaaort  du  balancier.  Si  cette  barre  reMa  droit  dana 
le  tema  temperi  (comma  le  cmwe  recoil  plua  Pimpreaaion  de  la  chaleur 
que  PacieTy)  le  coti  de  cuivre  deviendra  convex  au  tema  chaud^  et  le 
eoti  deader  le  aera  au  tema  froid.  Jlinai  lea  goupillea  fixeni  towr-Or 
tour  lea  partiea  du  reaaort^  aelon  lea  differena  degr^s  de  chaUur^  et 
Paiongent  ou  le  recourciaacnt ;  d^ou  nait  la  compenaation  dea  effeta  du 
ekaud  et  du  froid. 

^  Si  j'avpis  comiu  ciette  ingenieuse  methode  avant  d'avoir  pen86  k 
mes  thermometres,  je  n'aurois  vraisemblablemcnt  point  hesitfe  k  en 
fiure  usage  dans  ma  machine. 

^  J'ai  balance  quelque  terns  si  je  ne  devois  pas  lui  donner  la  pre- 
ference. J'ai  mdme  fait  quelques  essais  dans  cette  vue.  J'en  par- 
lerai  bientdt,  mais  apr6s  y  avoir  pens6  mOrement,  et  avoir  mis  k  part, 
autant  qu'il  m'a  6t6  possible,  ce  penchant  qui  nous  parle  en  faveur 
de  nos  productions,  mes  thermometres  m'ont  paru  preferable,"  &c.  &c. 
See  Memoir  aur  la  meiUeur  J\faniere  du  Miaurer  le  Tema  en  JIfer, 
pp.  55,  56,  inserted  at  the  end  of  Voyage  fait  par  ordre  du  Roi^  in 
1768,  par  iprouver  lea  montrea  marinea  inventiea  par  M.  Le  Roy,  &c. 
par  M.  Cassini,  filis,  Paris,   1770. 

As  must  always  be  the  case  in  the  infancy  of  any  branch  of  science, 
various  methods  are  fallen  on  before  it  arrives  at  its  most  improved 
state.  Berthoud,  Arnold,  and  others,  had  recourse  to  different  modes 
of  compensation,  before  they  arrived  at  the  one  which  gave  them 
complete  satisfaction.  The  former,  in  his  first  machines,  used  small 
wires  of  brass  and  steel  combined,  nearly  like  the  gridiron  pendulum, 
to  effect  the  purpose  of  compensation ;  to  those  of  a  later  date  was 
applied  a  straight  piece,  composed  of  laminee  of  brass  and  steel  pin- 
ned together,  acting  on  the  aim  of  a  short  lever.  In  the  end  of  the 
other  arm,  which  was  long,  the  curb-^ins  were  fixed.  Even  with 
those  balances  which  were  aflerwards  made,  and  composed  of  brass 
and  steel  pinned  together,  he  adopted  as  a  supplementary  aid,  the 
straight  compensation-piece,  with  the  movable  arm  and  curb-pins. 
Considering  the  talents  he  possessed,  and  the  great  experience  which 
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be  muat  have  had,  tfaia  seems  a  little  curious;  as,  we  think,  where 
there  is  a  complete  compenaatioD  in  the  balance,  it  alone  should  be 
sufficient;  and  the  cuib  pins  would  tend  to  disturb  the  pendulum 
spring  rather  than  give  any  aid  to  the  compensation.  The  more  free 
the  pendulum  spring  is,  the  chance  is  more  in  favor  of  good  per- 
fonnance ;  and  this  is  more  likely  to  be  the  case,  when  the  compen- 
sation balance  is  supposed  to  be  fit  and  competent  for  what  is  re- 
quired* In  some  of  Arnold's  balances,  two  pair  of  lamins  were 
placed  parallel  to  the  diametrical  arms ;  on  the  middle  of  each  of  the 
combined  laminffi  was  fixed  a  small  wire,  which  came  through  the 
rim  of  the  balance,  outside  of  which,  and  on  the  end  of  the  wires,  a 
small  ball  was  fixed  to  each«  These  baUs  were  pushed  out  or  drawn 
inwards  by  changes  of  temperature.  The  arguments  given  in  favor 
of  such  balances,  as  those  of  Eamshaw's,  which  are  turned  first  on  the 
steel,  and  again  on  the  brass,  after  being  melted  on  the  steel,  are 
certainly  very  strong  and  convincing;  indeed  nothing  can  well  be 
said  against ,  them :  yet  there  appears  to  be  a  degree  of  sofbiess  in 
such  a  balance,  that  cannot  exist  so  readily  in  those  where  the  lami- 
nsB  are  set  or  turned  up  by  hand.  There  is  undoubtedly  a  great 
deal  moie  trouble  in  making  the  last;  and  though  it  has  been  said, 
that  they  cannot  be  true  or  round,  when  made  in  this  way,  yet  we 
have  seen  some  of  those  done  by  Owen  Robinson,  as  rpund  and  true 
as  any  turning  could  make  them,  and  possessing  a  degree  of  stifihess 
that  cannot  be  supposed  to  have  place  in  the  other :  they  have  been 
even  unscrewed,  or  taken  to  pieces,  and  again  put  together,  without 
akering  the  rate  of  the  chronometer.  Afler  all,  we  are  not  aware 
that  chronometers,  with  the  one  balance,  perform  better  than  those  with 
the  other* 

It  may  be  observed,  that  on  the  rim  of  the  turned  balances,  which 
is  separated  into  two,  there  are  small  pieces  of  brass,  made  to  slide 
backward  and  forward,  according  as  it  may  be  found  requisite,  when 
under  the  process  of  adjusting  for  heat  and.  cold.  In  the  other,  this 
•8  done  by  screwing  backward  and  forward  the  pieces  of  brass  or 
gold,  which  tum  spring  tight  on  small  tapped  parts,  formed  at  the 
outer  end  of  the  steel  laminoB,  and  are  bent  or  set  in  the  same  circle 
with  them.  Both  balances  have  what  are  called  mean-time  screws, 
placed  in  the  vertical  line  of  the  hanging  position,  which  serve  with 
other  tmmtU  operations  to  adjust  them  to  their  rate  of  time.  We 
have  seen,  and  made  compensation-balances  with  three  arms,  three 
compound-pieces,  and  three  mean-time  screws,  which  were  stifi*,  and 
answered  very  well. 
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Plate  X.  No.  57,  repreaents  the  compenaatioii  balance  4»r  Aniold; 
a  6  is  a  steel  rim,  on  which  three  pieces  are  put  so  as  to  slide  here  and 
itbere,  in  order  to  adjust,  in  some  degree,  the  equilibrium  of  the  bahmoe  ; 
,c  c  are  pieces  of  gold,  which  turn  spring  tight  on  the  tapped  parts  fonaed 
from  the  ends  of  the  steel  lamins ;.  e  e,  are  small  screws  put  in  thiou^^ 
the  compound  laminse,  serving  to  adjust  for  small  difierences,  as  the 
mean  time  screws,  d  d,  do  for  greater  portions  of  time,  &c«  No.  1,  is 
a  side  view  of  the  balance. 

No.  68  represents  Eamshaw's  compensation  balance ;  d  d,  are  die 
brass  pieces  having  a  groove  turned  in  them,  by  which  they  Hake  in  the 
compound  rim  of  the  balance,  and  can  be  made  to  slide  back  and  tor» 
ward  on  it ;  c  c  are  screws  which  fix  them  to  the  rim,  after  the  adjusl- 
ment  for  heat  and  cold  is  completed ;  a  a  are  the  screws  which  adjosl  to 
mean  time.    No.  1,  is  a  side  view  of  the  balance. 

A  compensation  balance  of  Berthoud's  is  repres^ited  in  Pkte  X. 
No.  69.  A  B  is  a  plain  circle  of  the  balance,  from  the  inner  part  of 
which,  a  sort  of  contrate  rim  is  formed,  so  as  to  receive  at  a,  6,  and  e, 
the  compound  laminse,  e  d,  e  d,  e  d ;  the  ends  «  of  these  laminie  are 
fixed  upon  the  heels  or  parts  reserved  of  the  contrate  rim  at  a,  fr,  c,  by 
the  screws  e.  The  ends  that  are  free  cany  the  compensation  weights 
C,  D,  £.  These  weights  or  masses  are  fixed  on  the  compound  lamins, 
each  by  a  screw  and  two  steady  pins.  By  this  disposition  of  the  bar 
lance,  when  these  masses  are  put  of  such  a  weight  as  to  regulate  the 
chronometer  to  time  nearly,  the  balance  being  in  equilibrium,  if  the 
compound  lamins  are  well  executed,  the  balance  will  keep  its  state  of 
equilibrium,  although  the  masses  recede  from  or  approach  toward  the 
centre  of  the  balance  by  changes  of  temperature,  and  the  efiect  of  such 
a  regulator  will  be  as  invariable  as  if  the  balance  was  a  plain  one.  The 
plain  circle  of  the  balance  carries  three  ranall  pieces  of  brass  or  gold, 
dfd^d^  which  serve  to  regulate  the  chronometer  to  the  nearest,  in  giving 
them  more  or  less  of  weight 

Plate  X.  No.  60,  represents  the  outside  of  the  potence  plate,  B,  B, 
of  the  idieel  work  frame ;  it  carries  the  balance  and  mechanism  for 
correcting  the  effect  of  heat  and  cold  on  the  penduhun  spring,  1,  % 
3,  4,  the  top  parts  of  the  pillars  by  which  the  fiame  is  pinned  toge* 
ther ;  C  C  represents  a  plain  balance ;  but  in  this  case  it  may  be  sup- 
posed to  be  a  compound  or  compensation  one.  D,  £,  is  the  cock  fi^r 
the  balance,  and  also  for  the  lever,  in  which  are  put  the  curb  pins  for 
the  spiral  spring ;  the  sole  D  is  fixed  to  the  potence  plate ;  £  being 
the  cock  for  the  arbor  of  the  lever  arms,  which  serve  to  move  the  cub 
pins,  /  is  a  part  attached  to  the  upper  side  of  the  small  cock  £,  and 
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eanries  the  lower  pivot  of  the  balance*  The  double  cock,  D  E,  is  seen 
in  profile.  D  E  is  the  first  cock,  which  is  attached  to  the  potence 
plate,  die  end  e  receives  the  pivot  e  of  the  axis  d  e,  of  the  lower  curb 
pin  arbor,  tfie  pivot  d  enters  into  the  hole  d  of  the  second  cock  E,  d ; 
the  arm  6,  or  pallet  of  the  curb  pin  lever  a  &,  is  that  upon  which  the 
screw  of  the  compound  lamims  acts,  the  arm  a  carries  the  box  or  piece 
«  a,  in  which  it  is  slit  at  a,  forming  kind  of  pins  for  the  spiral  to  play 
between.  It  is  the  motion  of  the  part  a  which  forms  the  compensa- 
tion in  rendering  the  spiral  spring  longer  or  shorter,  the  smaU  part  / 
of  the  cock  receives  the  pivot  of  the  balance.  The  axis  of  the  ba- 
lance passes  through  the  hole  of  the  axis  d  e,  which  is  formed  in  the 
manner  of  a  cannon,  above  the  piece  f,  which  may  have  either  a  brass 
or  a  jewelled  hole  in  it,  should  be  placed  either  a  diamond  or  ruby 
for  the  end  of  the  balance  pivot  to  work  on ;  it  will  be  the  lowest 
when  the  watch  is  placed  horizontally,  the  dial  upward,  o  6  is- 
the  lever  or  arm  for  the  curb  pins,  and  fr,  the  one  on  which  the 
screw  c  of  the  compound  lamins  d  h  acts ;  6  H  is  a  cock  with  chopSr 
between  which  the  compound  laminsB  are  fixed,  d  6  is  a  small  and 
delicate  spring  which  constantly  presses  the  arm  6  against  the  point 
of  the  screw  c.  The  spiral  spring  must  be  placed  quite  near  to  the 
balance  C  C,  and  above  it  The  cock  £  lies  above  the  spiral,  so  as 
the  cuib  pins  may  come  so  far  below  as  to  take  the  spiral  between 
them. 


CHAPTER  X. 

On  ihe  Balance  Springs  of  Waichea  and  ChronomeierSf  commotdji  called 

Ihe  pendulum  spring. 

The  invention  and  application  of  the  spiral  spring  to  the  balance 
of  a  watch,  is,  by  the  foreign  artists  in  general,  ascribed  to  Huyghensi* 
while  they  admit  the  idea  of  a  straight  spring  having  been,  long  be- 
fore this,  applied  by  Dr.  Hooke.  It  was  in  1668  that  Dr.  Hooke 
observed  the  restorative  force  of  springs,  when  he  put  one  to  the  ba- 
lance of  a  watch,  and  applied  for  a  patent  to  secure  his  right  of  in- 
vention. The  profits  were  to  be  divided  between  himself,  Sir  Robert 
Moray,  Mr.  Boylor  and  Lord  Brouncker.  It  was  not  carried  into* 
efiectf  in  consequence  of  a  quarrel  between  the  parties,  on  account  of 
a  very  unreasonable  demand  on  the  part  of  these  gendemen.  Nor* 
was  it  till  1674  diat  Huyghens  claimed  the  same  discovery.  Hooke 
charged  Huyghens  with  plagiarism,  through  the  intervention  of  Mr. 
Oldenburgh,  Secretary  to  die  Royal  Society,   who  communicated  to 
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him  the  registers  of  the  Society  when  he  was  in  England,  and  also 
corresponded  with  him  upon  the  subject.  In  1665)  Sir  Robert  Mo- 
ray requests  Oldenburgh  to  tell  Huyghens  that  such  watches  had  al- 
ready been  made  in  England,  and  to  ask  him,  if  he  does  not  apply  a 
spiral  spring  to  the  balance  arbor  ?  It  may  be  asked ,  where  had  Sir 
Robert  seen  a  spiral  spring?  The  natural  answer  is,  that  he  must 
have  seen  it  in  the  hands  of  Dr.  Hooke.  The  Doctor,  however,  had 
for  long  kept  his  invention  tenaciously  secret,  under  a  sort  of  enigma^ 
ti  practice  which  seems  to  have  prevailed  about  that  period  with  things 
— ^in  this  way,  the  letters  of  which  were  c  e  iiinosastt  titi,  that 
is,  ut  tenaio  sic  vis,  or  the  power  of  any  spring  is  in  the  same  pro- 
portion with  the  tension  thereof. 

As  Montucia  appears  to  be  the  only  foreigner  who  allows  the  in- 
vention and  application  of  the  balance  spiral  spring  to  Dr.  Hooke, 
we  shall  transcribe  what  he  says  on  the  subject,  from  his  Hislaire  des 
Maihimaiiques.     Tome  IL  p.  488. 

**  A  detail  of  the  inventions  and  of  the  new  fancies  of  Dr.  Hooke, 
would  be  extremely  prolix ;  readers  must  have  recourse  to  his  nume- 
rous writings,  which  will  justify  the  eulogium  we  have  just  now  made 
him.     We  shall  here  confine  ourselves  to  a  mark  of  his  sagacity  :  it  is 
the  application  of  the  spring  to  regulate  the  motion  of  watches.     This 
invention,  so  fortunate,  and  which  is  ordinarily  ascribed  to  Huyghens, 
appears  to  me  to  be  legitimately  claimed  by  Dr.  Hooke.     We  actur 
ally  find  in  the  history  of  the  Royal  Society  of  London,    (Part  II. 
ch.  36.)    among  the  titles  of  manuscripts  presented  to  that  Society, 
before   it  published  its    Transactions,   we    find  what    evidently   con- 
cerns this  application.     Now  this  history  appeared  in  1668,  several 
years  before  there  was  a  question  in  France  about  any  thing  of  the  kind. 
Dr.  Hooke  says  that  he  had  made  the  discovery  about  the  year  1660, 
(see  Lectures  on  the  Spring,)  and  communicated  it  to  Messrs.  Brounck- 
er  and  Moray,  as  a  specimen  of  some  more  inventions  that  he  said  h^ 
was  in  possession  of,  and  which  must  give  the  solution  of  the  famous 
problem  regarding  the  longitude  ;  but  not  being  at  one  with  these  gen- 
tlemen, on  the  articles  of  agreement  to  be  contracted  between  them,  he 
would  not  disclose  his  secret,  so  kept  it,  and  carried  it  away  with  him. 
We  shaU  remark,  that  when  Huyghens  published  in  1674  this  use  of 
the  spring,  Hooke  was  very  indignant  at  it.     He  raised  a  veiy  sharp 
process  against  Mr.  Oldenburgh,  the  Secretary  to  the  Royal  Society^ 
accusing  him  of  collusion,  and  of  making  known  to  learned  foi'eign- 
ers,  discoveries  deposited  in  the  registers  of  the  Royal  Society ;  but 
it  was   nowise  necessary  that  Oldenburgh  should  commit  this  indis- 
cretion, seeing  that  the  invention  of  which  we  speak,  transpired ;  for 
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the  booky  quoted  above,  q>peaFed  in  French,  about  the  year  1669, 
and  perhaps  it  was  from  it  that  Huyghens  and  the  Abb6  Hautefeuille, 
who  disputed  this  discovery  in  a  court  of  law,  took  the  first  idea  of  it 
Moreover,  Huyghens  had  ahready  been  several  times  in  England,  and 
it  is  to  be  presumed,  that  during  his  residence  there,  he  would  care- 
fully get  what  information  he  could  of  all  the  inventions  of  the  learned 
of  the  country.  As  to  what  Waller,  in  the  life  of  Hooke,  says,  ^ving 
him  also  the  right  of  the  cycloid  to  render  the  motion  of  the  pendulum 
perfectly  equal,  that  is  not  well  founded.  There  is  nothing  in  the  work 
that  supports  Waller,  namely,  the  remarks  of  Hooke  on  (he  Machina 
Celestis  of  Hevelius,  which  favors  the  pretension,  they  having  to  do 
only  with  the  circulating  pendulum,*  which  indeed  seems  may  be  justly 
claimed  for  Hooke.  It  is  true,  among  the  titles  of  writings  cited  above, 
they  touch  at  the  application  of  the  cycloid  ;  but  it  is  probable  that  this 
writing  is  from  Huyghens  himself,  who  was  a  member  of  the  Royal 
Society,  and  who  was  at  London  in  1665.  Moreover,  we  are  warranted 
lo  think  that  Hooke  was  not  so  profound  a  mathematician  as  to  make  a 
discovery  of  this  nature." 

Being  highly  favored,  by  a  gentleman,  a  descendant  of  the  no- 
ble family  of  Kincardine,  (to  whose  father  we  had  the  pleasure  of 
being  introduced,  at  a  convivial  party  in  the  year  1782,)  with  the 
penisal  of  a  large  collection  of  veiy  valuable  MS.  letters,  about  to  be 
deposited  in  the  British  Museum,  which  embrace  a  correspondence 
between  Christian  Huyghens  de  Zulichem,  the  celebrated  philosopher 
and  astronomer,  the  £ari  of  Kincardine,  Sir  Robert  Moray,  Lord 
Brouncker  and  others,  on  a  variety  of  useful  and  highly  interesting  sub- 
jects ;  tile  first  of  diese  letters  is  dated  September,  1667,  and  the  latest 
in  1673*  Among  other  subjects,  illustrative  of  the  spirit  and  charac- 
ter of  the  times,  medicine,  agriculture,  draining  of  mines,  and  other 
mechanical  inventions,  are  introduced  by  the  respective  writers.  The 
letters  relative  to  our  subject  were  with  Huyghens  in  the  years  1663, 
64,  and  66,  concerning  what  they  called  pendnde  watches,  which  probap 
\Ay  were  no  other  than  the  old  common  watches,  to  which  were  applied 
a  spiral  spring  to  the  balance,  at  that  period  a  new  invention ;  or  the 
movement  of  these  pendide  watches  might  be  such  as  that  of  Huyghens, 
represented  No.  44,  Plate  YIH. 

Lord  Brouncker,  the  Honorable  Mr.  Boyle,  and  Sir  Robert  Mur- 

*  The  ci^culatiag  pendulum  was  contrived  by  Hooko  for  Uie  purpose  of  illustrat- 
ing tlie  motion  of  the  planets,  and  for  measuring  small  portions  of  time.  It  haa  of 
late  years  been  introduced  into  steam  engines  as  a  regulator  for  the  fly. 
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ray^  who  were  before  this,  say  1660,  in  tenns  with  Dr.  Hooke,  to  get  a 
patent  for  his  invention  of  the  spiral  spring  and  its  application  to  the 
balance  of  a  watch,  but  not  willing  to  fulfil  their  engagement  with  hiniy 
on  account  of  a  very  unreasonable  clause  which  they  wished  to  have 
inserted  in  Hooke's  patent,  with  which  he  very  indignantly  refused'  to 
comply.  The  clause  was, ''  Thai  trailer  I  had  discovered  my  inventions 
about  the  finding  the  longitude  by  watches,  or  otherwise  (though  in 
themselves  sufficient,)  they,  or  any  other  person  should  find  a  way  of  im- 
proving my  principles,  he  or  they  should  have  the  benefit  thereof,  dur- 
ing the  time  of  the  patent,' and  not  I !" 

Afler  having  broken  off  from  him,  by  the  letters,  they  appear  to  have 
had  a  desire  to  have  a  share  in  this  business  with  Huyghens.  indeed 
the  principal  subject  in  the  letters  seems  to  be,  whose  name,  or 
whose  joint  names,  should  be  inserted  in  a  patent  proposed  to  be  tak^i 
out  in  HoUand,  France,  Spain,  Sweden,  and  Denmark,  what  the 
amount  of  the  share  should  be  to  Huyghen,  and  what  to  them* 

The  Earl  of  Kincardine,  by  a  letter  of  his  to  Huyghens,  appears  to 
have  had  a  watch  on  trial  to  ascertain  longitude  at  sea,  which  hung 
by  a  ball  and  socket  from  the  underside  of  the  ship's  deck,  first  tried 
in  1662 ;  afterwards,  being  at  the  Hague,  where  he  had  occasitHially 
been  several  times  on  this  business,  there  seems  to  have  been  some  de» 
bales  between  him  and  Huyghens,  as  to  which  of  their  watches  had  the 
inost  likely  means  of  doing  the  best ;  and  also  explaining  some  misun- 
derstanding about  terms,  said  to  have  formerly  passed  between  them, 
regarding  a  patent  intended  to  be  taken  out  About  this  time,  it  ap- 
pears, by  these  letters,  that  several  watch-makers  had  set  to  make  up 
pendide  watches,  to  ascertain  the  longitude  at  sea ;  among  them,  a 
Mr.  East  is  mentioned  to  have  put  two  springs  to  turn  a  pinion  in 
his  watch ;  hui  in  whtU  manner,  or  for  ichai  purpose,  U  is  not 
mentianetL  We  shall  take  the  hberty  to  notice,  by  way  of  an  anec- 
dote, that  East  was  a  watch-maker  in  Fall  Mall,  London,  where 
there  was  a  Tennis  Court  kept,  which  Charles  the  Second,  when 
Prince  of  Wales,  resorted  to,  and  his  stake  frequently  was  an  EkU 
wardus  East,  as  his  Royal  Highness  called  it,  Uiat  is,  a  watch  of 
East's  making.  From  pendulum  watches,  the  spiral  or  balance- 
spring  has  improperly  got  the  name  of  the  pendulum  spring,  which 
should  rather  be  applied  to  the  suspension  spring  of  a  clock  pen- 
dulum. 

On  nothing  does  a  chronometer  depend  so  much,  as  the  good  qua- 
lity of  the  pendulum  spring.  Great,  as  the  power  of  the  rudder  is  m 
controlling  and  regulating  the  motions  of  a  skip,  it  is  not  more  ex- 
traordinary than  that  of  this  spring  in  regulating  the  motions  of  a 
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ekronometer,  and  toe  may  be  aUawed  to  Miy,  thai  it  poHe$ie$  some- 
iking  Hhe  itnoMle  propeiHes,  It  may  be  set  so  as  to  make  the 
macliiiie  go  fast  or  slow,  in  any  position  required,  while  neither  its 
length,  nor  the  weight  of  the  balance,  are  in  any  way  altered.  Le 
Roy  tiuHi^t  that  he  had  made  a  great  discovery,  and  it  must  be  grant- 
ed to  be  one,  when  he  found  *'  that  there  is  in  every  spring  of  a  sufli- 
eient  extent,  a  certain  length  where  all  the  vibrations,  long  or  shorty 
great  or  smally  are  isochnmous ;  that  this  length  being  found,  if  you 
shorten  the  spring,  the  great  vibrations  will  be  quicker  than  the  small 
ones;  if,  on  the  contrary,  it  is  lengthened,  the  small  aros  will  be 
peifonned  in  less  time  than  the  great  ones." 

Notwidistanding  this  condition  of  sufficietU  exteniy  the  isochronous 
property  will  remain  no  longer  than  while  the  fonn  oi  the  spring  is 
preserved  as  it  originally  was.  Should  the  coils  be  more  coroprei^ 
eed  or  taken  in,  the  long  vibrations  will  now  be  slower  than  the  short 
ones ;  and,  on  the  contrary,  if  they  are  more  let  out  or  extended, 
the  long  vibrations  will  be  faster  than  the  short  ones.  A  more  ge- 
neral principle  for  obtaining  the  quality  of  isochronism  may  be  ap- 
plied, by  making  the  spring  act  proportionally,  in  arithmetical  pro- 
gression, according  to  its  tension.  Eveiy  five  degrees  of  tension 
should  make  an  equilibrium,  with  a  given  force  or  weight,  of  ten 
grains;  suppose,  that  is,  5,  10,  16,  20,  &c.  degrees  of  tension,  should 
be  balanced  by  10,  20,  30,  40,  &c.  grains.  To  try  small  springs 
by  this  process,  would  require  a  veiy  nice  and  delicate  instrument* 
The  circumstances  of  the  properties  of  the  spring,  which  have  just 
DOW  been  mentioned,  were  well  known  to  Hooke.  In  order  to  oh* 
tain  these  properties  in  pendulum  springs  for  his  time-keepers,  Ber- 
diottd  made  them  thicker,  gradually,  from  the  outer  to  the  inner 
end;  our  old  English  way  is  the  reverse  of  this.  Whatever  may 
be  the  form  oi  the  springs,  whether  flat  or  cylindhcal,  the  best  and 
most  direct  way  is  to  try  them  in  the  time-keeper  itself,  by  taking 
lour  hours  going  with  the  greatest  force  the  main-spring  can  give, 
and  dien  four  hours  with  the  least  It  is  of  consequence  to  have 
these  springs  hard   or  well  tempered. 

**  M .  Frederick  Houriet  of  Locle,  an  artist  equally  praise-worthy, 
under  the  double  view  of  instruction  and  of  morality,  is  the  first  who 
used  spherical  balance  springs;  he  has  proved,  in  a  memorial  given 
in  to  the  Institute  of  France,  9th  of  March,  1818,  that  this  form 
gives  the  most  perfect  isochronism,  if  made  with  pendulum  spring- 
wire,  of  equal  dimenmons,  through  the  whole  of  its  length,  and  con- 
sequently, the  easier  to  execute  a  balance-spring  of  it"  See  Mamid 
Chronamiriquej  p.  90,  by  Antide  Janvier,  Paris,  1821. 
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We  appreheBd,  that  the  sphere  must  have  a  spiral  flat-bottomed 
groove  cut  round  it,  otherwise  the  wire  camiot  be  regularly  applied 
on  it  Our  cylindrical  helical  springs  have  done  so  w^  hitherto, 
that  very  few  of  our  chronometer-makers,  ^e  suspect,  will  be  induce 
•d  to  try  spherical  springs.  M.  Hourietmade  a  very  ingenious  sort 
of  tool,  for  trying  the  isochronism  of  balance-springs.  No  copy  of  it 
has  hitherto  been  made ;  the  only  one  to  be  seen,  is  the  original, 
in  the  hands  of  M.  M.  Breguet  By  tapering  a  spiral  spring  in- 
wards  properly^  when  it  is  wanted  to  be  a  flat  helix,  it  ou^t  to 
have  the  same  eflect  as  the  cylindrical  helix,  made  of  pendulum  spring 
wire,  of  an  uniform  breadth  and  thickness ;  but  there  is  an  uncer- 
tainty in  the  operation  of  tapering  the  wire;  whereas,  in  the  cylindrical 
helix,  thus  made,  isochronism  is  likely  to  be  more  readily  obtained, 
as  experience  hitherto  has  shown  to  be  the  case. 

Those  engaged  in  making  and  timing  of  chronometers,  must  see 
many-  curious  and  interesting  efiects  of  the  pendulum  spring.  For 
those,  however,  who  may  not  have  had  an  opportunity  in  that  way, 
we  diall  give  two  examples.  A  pocket-chronometer  (by  one  of  the 
earliest  and  most  ^ooinent  masters,)  was  found  to  go  three  minutes 
slow  in  24  hours,  when  hanging,  and  when  laying,  kept  near  to 
time.  The  'scapement  had  rather  too  much  drop  for  the  tooth  on 
the  pallet,  which  being  set  a  little  forward,  to  lessen  the  drop,  it  was 
now  found  to  go  three  minutes  slow  in  24  hours,  whether  hanging 
or  lajring;  so  that,  in  the  mean  time,  screws  bemg  put  home  a  little, 
the  chronometer  was  brought  to  time  equally  hanging  or  laying. 

Another  pocket-chronometer,  made  by  a  very  ca{Mtal  artist,  was 
found  to  lose  five  seconds  in  12  hours  in  the  hanging  position,  and 
to  gain  two  seconds  and  a  half  in  the  same  time  when  lying :  it  oc- 
curred to  our  mind,  that  the  pendulum  spring  must  be  rather  too 
short  as  otherwise,  seeing  that  the  long  vibrations  were  the  quickest 
The  feco  of  the  pallet  was  set  a  little  back,  so  as  the  extent  of  the 
vibrations  might  be  lessened :  this  had  the  desired  eflect ;  for  in  12 
hours  banging,  it  lost  only  half  a  second,  and  in  the  same  time,  lay- 
ing, gained  one  second. 

Let  those  who  are  curious  for  research  in  this  subject,  see  Hooke's 
liectures,  De  PotetUia  RestUutiooy  or  of  Spring. — Eclaircissmens 
sur  PInvention,  la  Theorie,  la  Construction,  et  les  £preuves,  &c« 
"-Et  de  Reponse  ^  un  £crit  qui  a  pour  titre:  Pricia  des  Recher" 
chea  failes  en  France  panr  la  determination  dea  Longitmdes  en  Mer^ 
par  la  Miwre  ArtificieUe  du  Temps.  Nicholson's  Philosophical 
Joi*nal,  vol.  XIY.  September,  1806. 
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CHAPTER  XI. 

On  the  JewdUng  ofFhot  hole$  in  Waiehea^  ChnmometerSt  and  Clocks. 

From  the  art  of  Jewelting  the  pivot  holes,  our  chronometers  may 
be  said    to   have   acquired   a   durability  and  character,    which   they 
would   not    otherwise  have    obtained.      It   must   not   be   imagined, 
that  there  is  any  time-keeping  principle  or  improvement  in  a  jewel* 
led  hole  more  than  in  a  brass   one;   and,  notwithstanding  what  has 
been  said  in  favor  of  the  last,  few  will  be  hardy  enough  to  run  the 
hazard  of  having  the  balance  and  balance-wheel  pivots  to  run  in  brass 
holes,  especially  where  the  machine  is  destined  to  be  either  a  pocket 
or  box-chronometer.     It  is  very  well  known,  that  in  a  common  verge 
watch,  where  the  balance  holes  are  jewelled,  its  motion  will  be  kept 
up  for  a  bnger  time  than  when  it  runs  in  brass  holes.     The  ftiction 
at  the  balance  holes  cannot  be  supposed  to  be  less  than  at  those  of 
the  fusee ;  for,  in  the  time  of  one  fourth  of  a  turn  of  the  fusee,  the 
balance  must  make  more  than  what  is  equivalent  to  9000  revolutions. 
Berthoud    regretted  much  that  he  had  not  an  opportunity  of  getting 
the  pivot  holes  of  his  time-keepers  jewelled ;  yet,  from  that  versati- 
lity of  genius  which  he  possessed,  he  supplied  admirably  the    want 
of  this,  in  such  a  manner  that  very  few  could  have  equalled  or  at- 
tained.     Some  of  the  balances  in  his  time-keepers   were  made  to 
give  six  vibrations  in    a  second,    while  others  gave  only  one.     His 
Diomber  tight  made  one  vibration  in  a  second,  and  was  the  one    which 
gave  the  best  performance  of  all  those  which  he  had  constructed.    It 
seems  to  have  been  a  wonderful  discovery,  that  jewelled  holes  wore 
down  the  pivots,  and  thickened  the  oil,  after  they  had  been  used  for 
upwards  of  an  hundred   yean.      How  came   this  not  to  have  been 
sooner  observed,  when  so  many  were  engaged  in  making  chronome- 
ters, and  that   too  in   considerable  numbera?    That  pivots,  from  a 
length  of  time,  even  with  good  oil,  and  with  greater  probability  from 
bad  oil,  may  have  got,  as  it  were,  glued  in  their  holes,  there  is  little 
reason  to  doubt;  but  this  never  arose  from  particles  wearing  away 
from   either  the  steel  or  the  stone,  by  the  friction  of  the  pivot     Let 
any  one  try  to  whet  a  graver,  tohich  requires  same  degree  of  force^ 
on  a  polished  Scotch  pebble,  for  instance,  and  they  will  find,  that  no 
exertion  whatever  will  make  the  graver  bite  the  stone,  or  the  stone 
the  graver:  for  where  any  efifectofthis  kind  takes  place,  it  must  be 

*  See  page  179. 
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neariy  mutual.  The  hardness  of  the  Scotch  pebhle  is  well  known 
to  be  much  inferior  to  that  of  either  the  ruby  or  the  sapphire.  After 
being  exposed  to  the  air  for  a  considerable  time,  oil  gets  viscid  and 
thick*  which  arises,  ad  has  been  observed  by  chemists,  from  the  ab- 
sorbing or  attracting  of  oxygen.  We  suspect,  that  oil,  irom  this 
cause  (done,  may  become  more  glutinous  at  a  jewelled  hole  than  at 
a  brass  one.  By  its  application  to  brass,  it  soon  acquires  a  bluish- 
green  tinge,  as  if  something  acted  on  it.  This  is  owing  to  the  metal 
becoming  oxidated  by  the  joint  action  of  the  oil  and  air.  The  oxide 
thus  formed,  combines  with  the  oil,  and  forms  a  metallic  soap,  which 
is  much  less  tenacious  than  that  formed  at  a  jeweUed  hole.  By 
the  continuation  of  this  process,  the  hole  in  brass  becomes  wider,  and 
the  oil  disappears,  leaving  the  pivot  and  hole  in  a  greater  or  less 
degree  wasted ;  and,  instead  of  the  oil,  we  have  the  metallic  soap, 
which  has  hitherto  been  considered  as  rust.  To  be  convinced,  how- 
ever, that  this  is  not  the  case,  we  need  only  attempt  to  wipe  it  off 
from  the  pivot,  from  which  it  easily  parts,  and  which  it  would  not  do 
were  it  really  rust.  Oil,  however,  can  have  no  action  on  the  jewel- 
led hole,  and  any  change  that  is  effected  by  the  oil  must  be  confined 
to  the  steel  pivot,  on  which  its  action  is  so  exceedingly  slow,  that  a 
great  length  of  time  must  elapse  before  the  oil  is  decomposed  and 
disappears ;  and  hence  what  is  called  rust  in  a  brass  hole,  is  seldom 
or  never  met  with  in  a  jewelled  hole.  If  a  little  Florence  oil  is  put 
into  a  small  phial,  for  about  two  tenths  of  an  inch  deep,  and  remain 
for  a  few  years,  it  will  become  exceedingly  viscid  and  glutinous,  and 
will  be  intermixed  with  parts  tinged  with  red  of  various  shades.  The 
same  appearance  is  sometimes  seen  at  jewelled  pivot  holes,  and  has 
been  erroneously  supposed  to  be  produced  by  the  operation  of  the 
pivot  on  the  hole.  It  is  singular  that  oil  will  act  more  forcibly  on 
fine  brass  than  on  the  common  sort,  or  even  on  copper ;  a  metallic 
soap,  somewhat  resembling  verdigrease,  will  soon  show  itself  on  the 
former,  while  the  latter  will  have  no  appearance  of  being  injured. 
But  we  are  not  to  infer  from  this,  that  copper  holes  would  be  prefer- 
able to  those  made  in  fine  brass ;  for  although  the  oil  in  this  case 
would  be  more  durable,  from  its  acting  more  slowly  on  copper  than  on 
brass,  yet  the  increase  of  friction  from  the  copper,  would  more  than 
counterbalance  this  advantage.  It  can  hardly  have  escaped  the  eye, 
even  of  the  most  indifferent  observer,  that  oil  acts  more  readily  and 
forcibly  on  new  than  on  old  work.  On  the  former,  it  will  frequently 
show  itself  in  the  course  of  24  hours.  Oil  varies  so  much  in  its  qua- 
lity, that  some  will  become  so  thick  and  viscid,  in  the  course  of  a  few 
months,  as  to  stop  the  machine  altogether.     This  has  occurred  in  the 
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experience  of  a  veiy  celebrated  artist,  who  informs  us  that  **  his  re- 
gulator, which  has  been  found  to  go  to  a  greater  degree  of  accuracy, 
though  not  to  a  9econd  in  two  months^  as  has  been  said  of  others^ 
than  even  that  of  Verona,  as  observed  by  the  Astronomer  Cagnoli,  or 
that  at  Manheim,  as  observed  by  Mayer,  was  found  to  perform  very 
indiffeiently,  after  J[>eing  cleaned,  and  at  the  end  of  three  or  four 
months  stopped  altogether,  which  arose  from  the  application  of  bad 
oil."  We  are  of  opinion,  that  where  the  pivots  are  smaO,  and  the  re- 
volution of  the  wheel  quick,  jewelled  pivot  holes  are  the  best.  It 
wiU  not  be  an  easy  matter  to  do  without  oil  or  jewelled  holes,  parti- 
cularly in  pocket  or  box-chronometers,  although  astronomical  clocks 
or  regulators  may  be  so  constructed  as  not  to  require  either,  provided 
the  expense  for  doing  so  is  not  spared. 

OIL  FOR  WATCHES  AND  CLOCKS. 

Being  of  essential  advantage  to  have  good  oil,  we  shall  give  several 
methods  of  preparing  it 

A  Receipt  to  Deprive  Oil  of  its  Acid* 
To  four  ounces  of  the  best  spcrmac  eti  oil,  add  four  grains  of  Kali 
aeratum^*  in  five  ounces  of  distilled  water,  shake  them  well  for  a  day 
or  two,  then  pour  the  whole  into  a  tumbler,  covered  by  another,  and 
when  exposed  to  the  light  for  three  or  four  weeks,  the  pure  oil  will  float 
on  the  top,  to  be  skimmed  off  by  a  tea-spoon.  This  oil,  it  is  said,  nei- 
ther dries  nor  turns  green. 

OH  may  he  prepared  in  the  following  manner : 
Put  a  quantity  of  the  best  olive  oil  into  a  phial,  with  two  or  three 
times  as  much  water,  so  as  the  phial  may  be  about  half  full.  Shake 
the  phial  briskly  for  a  little  time,  turn  the  cork  downwards  and  let 
most  of  the  water  flow  out  between  the  side  of  the  cork  and  the  neck 
of  the  phial.  Thus  the  oil  must  be  washed  five  or  six  times.  Afler 
the  last  quantity  of  water  has  been  drawn  off,  what  remains  is  a  mix- 
ture of  water,  oil,  and  mucilage.  To  separate  these  from  each  other, 
put  the  phial  into  hot  water  for  three  or  four  minutes,  and  most 
part  of  the  water  will  fall  to  the  bottom,  which  must  be  drawn  off  as 
before.  The  oil  must  then  be  poured  into  a  smaller  phial,  which  be- 
ing nearly  full,  must  be  well  corked,  set  in  a  cool  place,  and  suffered 

*  Kali  aeratam,  R.  Kali  preparati  oz.  s  t,  Aqa.  diatillataB  dr.  v.  Amnion,  prepara- 
tie  dr.  j.  Dissolve  the  Kali  in  a  water  bath ;  add  the  ammonia,  and  when  the  ef- 
fervescence has  ceased,  let  the  fluid  chrystallize.  Two  drams  are  given  as  a  Ltthon- 
triptic,  in  a  pint  of  distilled  water,  twice  a-day  at  St.  Bartholomew's  Hospital. 
(Phannacopfeia  Ghirurg.)  From  Cooper's  Dictionary  of  Practical  Surgery. 
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to  stand  for  three  or  four  months,  or  until  the  water  shall  have  subsid- 
ed^ with  the  mucilage  above  it,  and  the  oil  perfectly  transparent,  swim- 
ming on  the  top  of  the  mucilage.  When  iimt  has  thus  completed 
the  operation,  the  pure  oil  must  be  poured  off  into  smaller  phials,  and 
kept  in  a  cool  place,  well  corked,  to  preserve  it  from  the  air.  This,  bj 
Mr.  E.  Walker,  of  Lynn,  dated  13th  Nov.  ISIQ.  (See  Nicholson's 
PML  Jaum*) 

The  fat  or  oil  which  is  led  in  the  pan  after  making  calves-feet  jelly, 
if  taken  and  put  into  a  jug  or  bowl,  and  allowed  to  remain  for  some 
months,  what  swims  on  the  surface  may  be  skimmed  off,  put  into  a 
small  phial,  and  kept  there  for  some  time  :  this  will  be  found  to  be  a 
very  fme  kind  of  oil,  at  least  it  has  the  appearance  of  being  so.  A 
French  chemist,  of  the  name  of  Jodin,  prepares  an  oil,  adapted  for  the 
use  of  watch-makers ;  it  resists  the  cold  to  a  considerable  degree,  but 
in  time  will  become  green  at  pivot  holes,  like  most  other  oils.  Olive  oil 
freezes  at  38^  or  36^  of  Fahrenheit's  thermometer,  but  if  put  into  an 
open  glass  phial,  and  exposed  to  the  sun-shine  for  a  little  while,  it  will 
not  be  apt  to  freeze  till  the  thermometer  is  down  to  21^.  ''  As  the 
amount  of  friction,  even  in  the  best  clocks,  in  a  great  measure  depends 
upon  the  oil,  with  which  the  various  parts  are  lubricated,  the  follow- 
ing information  may  be  considered  of  some  importance.  Colonel  Beau- 
foy  states,  that  olive  oil  may  be  freed  from  its  mucilage,  merely  by  ex- 
posure to  the  rays  of  the  sun  for  one  or  two  years. " 

"  Ghevereul,  an  eminent  French  chemist,  recommends  another  pro- 
cess for  the  same  purpose.  To  effect  this,  he  mixes  seven  parts  of  al- 
cohol with  one  of  oil,  which  must  be  heated  in  a  flask  almost  to  boiling ; 
the  lighter  fluid  is  then  decanted,  and,  on  being  suffered  to  cool,  a  little 
portion  of  fatty  matter  separates,  which  is  to  be  removed.  The  al- 
coholic solution  must  be  evaporated  to  one-fifth  of  its  bulk,  and  the  fluid 
part  of  the  oil  will  be  deposited  colourless,  tasteless,  and  free  from 
smell."  This  oil  seems  much  like  what  was  called  Arabian  oil, 
lately  (April  1825)  exhibited  in  Edinburgh.  The  printed  description 
given  with  it,  gave  neither  name  of  an  inventor,  or  any  place  of  abode, 
a  circumstance  somewhat  extraordinary,  and  unless  a  great  quantity 
of  it  was  to  be  taken,  none  could  be  purchased. 

Of  old,  watch-makers  were  taught  not  to  allow  the  small  phial, 
which  contained  the  olive  oil,  to  stand  even  in  the  light,  far  less  to  be 
exposed  to  the  rays  of  the  sun,  because  this  deprived  it  of  its  yellow 
color,  which  was  considered  to  be  a  quality  of  the  goodness  of  the 
oil.  And  now,  the  modems,  by  depriving  it  of  that  color,  say  they  im- 
prove it 

Oil  extracted  from  poppy  seeds,  and  properly  prepared,  will  remain 
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imcoiigealed  at  a  veiy  low  temperature.  Almond,  walnut,  and  ha* 
zeUnut  ofl,  if  freed  from  the  mucilage,  with  which  these  oils  are 
frequently  intermixed,  may  be  tried  for  watches.  It  was  formerly  an 
object  of  inquiiy,  to  know  when  a  jar  of  Florence  oil  was  in  a  frozen 
state,  whicb  soraetimefl  took  place  in  severe  winters, — a  porticHi  of  it 
remaining  unfrozen  was  taken  out  for  the  use  of  wat<^h-makers. 

We  are  informed  that  M.  Frederick  Schmidt,  of  Stutgard,  has  dis- 
covered an  oil  for  chronometers,  fcc.  which  will  not  freeze  at  minus 
17 of  Fahrei^eit's  thermometer;  does  not  dry  at  X 21 2,  and  boils  at 
512 ;  it  is  not  affected  by  cold  at  upwards  of  50  degrees  below  the 
freezing  point.  M.  S.  is  of  opinion,  in  which  he  is  confirmed  by 
experiments,  tiiat  this  oil  wiH  not  be  affected  under  the  Poles. 

The  process  of  pouring  the  water  off  between  the  cork  and  neck 
of  the  phial,  was  foimd  to  have  something  in  it  awkward  and  clumsy ; 
we  therefore  got  a  large  phial  of  about  17  or  18  inches  deep,  two 
inches  wide,  made  with  a  glass  stopper  at  top,  and  another  at  the  side 
and  close  on  the  bottom,  to  let  the  water  out,  which  answered  the 
purpose  extiPCTiely  well.  Also  a  few  long  sort  of  phials,  with  ground 
^ase  stoppers  to  each.  The  tall  phial  and  its  stop-cock  was  found 
very  convenient  in  the  process  of  washing  with  water,  and  letting 
die  water  out  occasionally,  to  give  room  for  more  fresh  and  clean  wa^ 
ter.  Oil  thus  prepared,  and  afterwards  carefully  managed,  will  per- 
haps be  found  to  be  as  good  as  can  in  any  other  way  be  obtained ; 
some  of  it  we  prepared  in  this  way,  and  applied  to  the  pivots  and 
holes  of  the  clock  in  the  Royal  Observatory,  Edinburgh.  This  clock 
was  taken  down  to  be  cleaned  about  the  beginning  of  the  year  1826, 
afl^'  having  gone  nearly  twelve  years ;  the  pivot  holes  had  a  little 
greenish  and  thick  oil  on  them,  but  in  the  reservoirs,  it  was  in  some 
degree  tolerably  fresh  and  yellow.  It  is  singular  that  the  washing 
did  not  deprive  it  of  its  yellow  color. 

Haw  to  preserve  the  Oil^  by  Making  such  Reeervoirsj  as  to  ailow  the 
greatest  quantity  to  he  put  to  the  Pivots  and  Holes. 

To  have  the  pivot  holes,  so  as  to  preserve  the  oil  for  the  greatest 
length  of  time,  with  the  greatest  quantity  possible^  the  following  is 
what  should  be  done,  if  a  little  more  expense  can  be  allowed :  For 
those  holes,  where  the  pivot-ends  do  not  go  beyond  the  surface  of 
the  plates,  fit,  into  a  drill  stock,  a  drill  made  so  as  to  foim  some- 
thing like  a  drop  of  fat,  when  dropt  on  a  table,  or  such  like  sur- 
&ce,  making  the  diameter  of  the  artificial  drop  to  be  made  by  the 
drill  near  to  four-ten^  of  an  inch  or  ho  ;  in  a  thick  piece  of  plate  brass, 

make  a  round  hole   to  receive  the  drill ;  the  piece  of  bfasB  must  be 

35 


•  ^'^"     H    i-=^       HP    » ifW^^BV       ■   I        ■^^i^B^^VW^i^B^HWM^^9i«:rVPiW^PV«^PH| 


874  GOING    IN    TIME    OF    WINDING. 

fixed  outside  on  the  frame  plates,  so  as  the  pivot  hole  shall  be  in  the 
centre  of  the  round  hole,  in  order  to  guide  the  drill,  which  must 
be  allowed  to  cut  no  farther  down  in  the  plate,  than  barely  to  come 
to  the  surface,  which  should  be  lefl  to  remain,  particularly  at  the  pi- 
vot hole.  A  kind  of  collet  might  be  put  on  the  drill  to  prevent  it  from 
sinking  too  deep.  The  drill  has  the  cutting  part  concave  as  seen 
at  D,  Plate  V. ;  the  inside  of  the  pivot  holes  may  be  chamfered  a  little 
way  by  a  tool,  whose  point  should  be  a  little  on  the  obtuse  side; 
pieces  of  hard  steel  must  be  screwed  on,  outside  of  the  plates,  so 
as  to  cover  fully  the  sinks  made  by  the  concave  drill,  and  against  the 
pieces  of  steel,  the  pivot  ends  should  occasionally  bear ;  the  shoulders 
of  the  pivots  should  be  turned  nearly  away,  leaving  a  sort  of  cone  in 
their  place ;  and  near  to  the  shoulder,  or  top  end  of  the  cone,  with 
the  point  of  a  very  nice  graver,  make  a  slight  notch. 

The  shape  of  a  drop  of  fat  (goutte  de  smf)  at  the  top  of  a  pivot 
hole,  was  a  thought  or  contrivance  of  that  celebrated  artist,  the  late 
Julian  Le  Roy,  and  a  most  beautiful  idea  it  was :  (It  is  to  be  regret- 
ted that  it  was  not  adopted  in  a  clock,  otherwise  very  nicely  got  up, 
and  for  public  purposes.)  Between  the  hard  steel  pieces  and  the  top 
of  the  dome,  formed  by  the  concave  drill,  there  should  be  a  small 
degree  of  space ;  if  they  are  too  close,  the  oil  will  spread  too  much 
over  them,  and,  if  at  a  proper  distance,  the  oil  will  be  attracted  to  a 
point  connected  with  the  pivot  ends,  gradually  draining  the  reservoirs 
to  supply  the  waste  at  the  pivot  holes. 


V 


CHAPTER  XII. 

On  the  vanou8  sorts  of  Jilachinery  for  going  in  time  of  loinding. 

The  earliest  machinery  for  going  in  time  of  winding,  is  thai 
contrived  by  Huyghens^  descnbed  page  138,  is  the  simplest  and 
the  best  that  has  yet  been  produced,  although  upon  the  whole  it 
may  not  be.  so  convenient  in  its  application.  In  the  old  thirty-hour 
clocks,  the.  first  wheel  of  the  going  part  had  on  its  arbor  a  fixed  jag- 
ged pulley  A,  (See  Plate  IV.  No.  22).  On  the  arbor  of  the  fu-st  wheel 
of  the  striking  part  was  a  movable  jagged  pulley  H,  with  cUck  and 
ratchet  to  it  Over  these,  and  through  or  under  the  pulleys  of  the 
counter  weight  p,  and  main  weight  P,  went  an  endless  cord,  woven 
either  of  silk  or  cotton.  Both  parts  of  the  clock  were  carried  on  by  a 
single  or  main  weight,  and  when  winding  it  up,  this  was  done  by  the 
striking    pulley  ;  by  which  means  the  weight  acted   constantly  on  the 
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going  part.  This  is  a  method  which  we  adopted  in  some  common  re- 
gulatorsv  and  afterwards  found  it  was  the  same  that  Beithoud  had 
used  in  some  of  his.  The  movable  and  winding  up  pulley  with  its 
ratchet,  turned  on  a  stud,  having  a  click  and  spring,  which  were  fix* 
ed  to  one  of  the  plates,  as  was  also  the  stud.  The  other  puUej  was 
on  the  arbor  of  the  first  wheel,  and  fixed  to  it  The  only  inconveni- 
enee  and  objection  to  this  contrivance,  particulariy  in  eight-day  clocks, 
arises  from  the  wearing  of  the  cord  on  the  jagged  parts  o(  the  pulleys, 
which  produce  a  great  deal  of  dust,  and  makes  the  clock  get  sooner 
dirty  than  it  wocdd  do,  if  this  was  effected  in  a  different  way.  In 
clocks  which  go  a  month,  or  six  months,  as  some  of  Bertfaoud's  did, 
this  will  be  very  much  obviated,  particularly  with  a  fine  and  well  wo- 
ven silk  cord. 

There  is  a  very  ancient  way  of  going  while  winding,  which  was 
long  applied  to  the  fusees  in  clocks  and  watches.  On  the  inside  of 
the  great  wheel  is  another  wheel,  whose  teeth  are  cut  to  look  inward 
to  the  centre,  upon  which  acts  a  pinion  of  six,  which  nms  in  the  bot- 
tom of  the  lusee,  and  is  turned  round  with  it  The  fusee  aibor  is 
free  within  both  the  great  wheel  and  the  fusee;  upon  it  is  fixed  the 
fusee  ratchet,  and  a  i^eel  with  about  half  the  number  of  teeth  of 
those  in  the  inward  toothed  vrheeh  It  is  evident,  that  if  the  fusee 
aibor  is  turned  round,  the  whed  fixed  on  it,  which  acts  also  on  the 
pinion  of  six,  will  by  this  make  the  pinion  turn;  and  this  again,  act- 
ing on  the  inside  wheel  teeth,  will  apply  as  much  force  to  it  as  the 
fiisee  requires  in  setting  up.  When  wound  up,  the  click  in  the  great 
wheel,  as  in  the  ordinary  way,  stops  the  fusee  by  the  ratchet  from 
runnii^  back.  This  method  takes  six  times  longer  of  winding  up 
than  by  the  common  way ;  and  the  great  strain  which  is  laid  on  the 
pinion  and  inside  wheel  teeth,  soon  destroys  them.  With  a  little 
more  apparatus,  a  fusee  pf  this  kind  can  be  made  to  wind  up  which- 
ever way  the  arbor  is  turned ;  hence  it  got  the  name  of  the  drunken 
fwee.  (See  partictdan  of  U  in  ThiotU^  Voh  IL  p.  333,  and  PlaU 
XXXVIII.  Fig.  14.; 

A  going  in  time  of  winding,  of  later  application  to  clocks  and  re- 
gulators, consisted  of  an  arbor  within  the  frame,  on  which  was  a  pin, 
and  an  arm  inside  with  a  nib  and  a  deer's-foot  joint ;  another  arm  on 
the  outside,  when  pulled  down,  served  to  make  the  jointed  nib  rise 
and  pass  the  third  wheel  teeth ;  a  spring,  acting  on  the  pin,  brought 
the  nib  in  a  contrary  direction,  to  act  on  the  third  wheel  teeth,  by 
which  it  gave  motion  to  the  swing-wheel  during  the  time  of  winding, 
and  continued  to  do  so  until  getting  clear  of  the  teeth. 

The  general  method  which  is  now    adopted^  both  in    clocks  and 
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cbrooometers,  conaists  of  ao  aiuiiiaiy  springf  ratchet,  and  detent  In 
docks,  two  springs  are  sometimes  used ;  being  doubled  round,  are 
screwed  by  one  end  to  the  back  of  the  auxiiiaiy  ratchet;  the  other 
end  is  made  to  act  against  the  arms  or  crosses  of  the  great  wheeL 
On  the  opposite  side  is  the  click,  which  acts  with  the  barrel-ratdiet ; 
and  when  the  force  of  the  weight  is  taken  i^  by  winding  up,  the  tone 
ai  the  spiings  acts  on  the  great  wheel,  not  being  aUowed  to  bring 
the  auxiliary  ratchet  forward  which  they  would  do ;  but  this  is  prevent- 
ed by  the  detent,  consisting  of  an  arbor  whose  pivots  run  in  the  frame, 
and  an  arm  acting  against  the  foce  of  the  small  teeth  in  the  auxiliary 
ratchet 

When  this  method  is  applied  to  a  clock  or  watch  fusee,  diere  is  a  cir* 
cular  and  flat  steel  spring,  screwed  or  made  fast  by  one  end  to  the  inside 
of  the  great  wheel,  in  the  other  end  is  a  small  hole,  opposite  to  which 
is  made  a  short  and  circular  slit  in  the  great  wheel.  A  pin  in  the  anxihBp 
ry  ratchet  is  placed  so  as  to  correspond  to  the  hole  in  the  spring  and 
slit  in  the  great  wheel,  through  both  of  which  it  comes ;  the  slit  gives 
range  for  the  bending  up  of  the  spring.  When  the  force  of  the  main- 
spring does  not  act  on  the  fusee,  which  is  taken  off  when  winding  up, 
the  auxiliary  ratchet  and  detent  which  has  a  a  slender  spring  to  keep 
it  to  its  place,  serve  the  same  end  as  has  been  described  for  the  dock. 

The  mechanism  of  this  going  in  time  of  winding,  was  first  exhibited 
by  Harrison,  in  his  time-keeper,  when  explaimng  its  principles  to  the 
commissioners  who  were  appointed  to  receive  them.  It  has  been  said 
that  he  took  the  idea  of  it  from  having  seen  an  analogous  contrivance 
in  an  old  kitchen  jack,  where  it  had  been  applied  to  keep  the  spit 
turning  while  the  jack  was  winding  up.  There  hae  been  a  great  deal  of 
ingenwiiy  ddaplayed  eoeninjack'making,  liieeingular^  haweeer^  thai 
a  was  never  ihoughi  of  the  applying  vemee  or  vfings  to  ike  fly,  which 
eould  hone  been  se/,  »o^  ae  to  regulate  the  velocity  according  to  the 
greater  orleea  weight  with  which  the  spit  may  he  loaded;  hui  eimple 
a$  the  setting  of  these  wings  would  be^  it  m^ht  not  be  so  easy  to 
prevail  upon  the  cook  to  take  the  trouble  of  either  understanding  or 
using  them.  The  water-jach^  which  has  been  known  in  this  country 
for  more  th4m  seventy  years^  is  very  convenient  m  this  respect^  as  it 
is  easy  tomake  the  discharge  of  water  at  the  cock  to  run  fuH,  half  or 
quarter^  on  the  small  kind  of  miU'^heel  which  drives  the  whoU  of  the 
machinery  bdonging  to   it* 

A  great  many  years  ago,  we  contrived  an  easy  way  of  making  a  going 
in  time  of  winding  for  a  clock,  to  several  of  which  it  was  applied.  The 
third  wheel  has   a  socket  (with  a  small  shoulder)  nicely  fitted  to  it 
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liie  hole  betog  souimUj  and  smoothly  broached.  That  part  of  the 
third  wheel  pimon  arbor  which  worfca  in  the  socket,  must  also  be  care- 
fiillj  tumedf  and  made  as  smooth  as  any  prrot,  so  as  to  be  free,  easy* 
and  without  shake.  The  end  of  the  socket,  which  is  not  in  the 
wheel,  should  be  smooth  and  flat ;  its  diameter  outside,  about  three 
tenths  of  an  inch,  and  to  a|^y  to  a  flat  smooth  steel  shoulder  formed  cm 
tbs  pinion  aibor*  On  the  side  of  the  wheel  opposite  that  on  which  the 
socket  shouUer  is  placed,  let  there  be  fixed  a  small  steel  pin,  distant 
isom  the  centre  about  three  tenths  of  an  inch,  the  height  of  it  being 
about  one  tenth.  Make  a  piece  of  brass  so  as  to  hare  a  fine  smdl 
ratchet  wheel  on  it,  of  about  four  tenths  of  an  inch  in  diameter,  with 
a  swt  of  hoop  or  contrate  wheel  rim  on  one  side  of  it,  three  tenths 
and  a  half  in  diameter  inside,  the  thickness  being  a  little  more  than 
that  of  an  ordinaiy  contrate  wheel  of  a  watch,  and  the  depth  one 
twentieth  of  an  inch.  The  ratchet-wheel  and  hoop  hare  a  socket 
Gonunon  to  both,  which  is  twisted  on  the  third  whed-pinion  arbor  ^ 
this  socket,  on  that  side  of  the  hoop  inside,  is  the  smallest  matter 
lower  than  the  edge  of  the  hoop.  On  this  part  of  the  socket  is  fixed 
the  inaNT  end  of  a  small  and  weak  spiral  lE^nng,  of  two  or  three  turns, 
the  outer  end  having  fixed  to  it  a  small  stud,  with  a  hole  in  it,  that 
goes  over  the  steel-pin  of  the  third  wheel,  iK^iich  works  in  a  shcHl 
circuhir  opening  in  the  ratchet-wheel  or  bottom  of  the  hoop,  of  a  suf- 
ficient range  for  the  sfMral-Bpring  to  keep  the  clock  going  during  the 
tkne  of  winding  up.  The  detent  for  the  ratchet  has  one  of  the  pivots 
of  its  arbor  in  the  back  frame-plate  x  the  other  runs  in  a  small  cock 
attsrhfd  to  the  inside  of  this  frame-plate,  and  sufiiciently  clear  of  the 
third  wheel  on  that  side.  The  edge  of  the  hoop,  when  the  socket  is 
twisted  home,  should  allow  the  third  wheel  to  have  freedom  during  the 
action  of  the  spiral  vpting  upon  it  In  ^plying  this  g(Mng  in  time  of 
winding  apparatus  to  a  clock,  it  wiU  easily  be  seen  in  which  way  the  small 
rBtchet4eeth  must  be  cut,  and  also  in  winch  way  the  spiral-spring  must 
exert  itself.  During  the  action  of  winding  up,  this  allows  the  minute- 
hand  to  make  a  retrograde  motion ;  but  it  resumes  its  place  as  soon  as 
the  weij^t  is  at  liberty. 

In  the  early  part  of  the  last  century,  a  considerable  intercourse  was 
earned  on  betwew  Hdland  and  Port  Beaton,  by  the  sh^i-owners  of 
Brestonpans,  in  Eas^^Lothian.  Among  other  imports,  was  old  iron 
in  hogsheads ;  and  many  of  the  articles  were  little  worse  for  being 
used,  as,  by  an  old  Dutdi  law,  no  iron  work  was  allowed  to  be 
rewired.  Among  the  things  winch  came  home,  were  some  camp- 
jacks,  of  a  very  ingenious  construction,  and  evidently  of  German  ori- 
gin.   Two  or  three  of  themt  one  of  wluch  we  have  seen,  are  still  in 
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that  neighborhood.  It  was  composed  of  the  usual  wheels  and  pi* 
Dions,  endless  screw,  and  a  small .  fly  rather  weighty.  The  frame, 
mounted  on  an  upright  stand,  was  about  four  feet  or  more  in  height 
A  thin  and  narrow  iron  bar,  of  four  or  five  feet  long,  was  atr 
tached  to  the  stand,  and  could  be  made  to  slide  up  and  down  on  it, 
nearly  the  whole  four  or  five  feet ;  one  edge  of  it  was  toothed  like  a 
straight  rack,  and  worked  into  the  pinion  of  the  first  wheel,  by  means 
of  a  weight  hung  on  a  hook  at  the  lower  end  of  the  bar  ;  when  the 
weight  and  bar  came  to  the  lowest  point,  it  was  easily  moved  up  to 
the  greatest  height,  when  the  jack^was  to  be  wound  up.  The  pinion 
had  a  hollow  socket,  and  could  turn  freely  round  the  arbor  of  the  first 
wheel ;  on  the  lower  end  of  the  socket  was  a  ratchet,  which  rested  on 
the  first  wheel  where  the  click  and  spring  were  placed  to  act  with  the 
ratchet,  which,  by  the  hollow  socket,  allowed  the  pinion  to  turn  free* 
ly  backward  when  winding  up  ;  on  the  weight  being  allowed  to  act 
on  the  rack,  all  the  wheels  were  made  to  turn  the  proper  way,  and 
so  on.  An  idea  occurred  to  us,  tliat,  in  place  of  the  rack  moving,  a 
machine  might  be  made  to  go  by  its  own  weight,  by  means  of  a  pinion 
turning  down  on  the  toothed  edge  of  a  fixed  rack.  A  scheme  shall 
be  given  for  a  box-chronometer  of  this  construction,  which  supersedes 
the  necessity  of  either  fusee,  barrel,  spring,  or  chain.  A  contrivance 
of  a  similar  kind  has  lately  been  communicated  to  the  Society  of  Arts 
in  Paris,  by  M.  Isabelle,  and  is  described  in  the  Bulletin  de  la  SaciiU 
4p Encouragement,  No.  62.  The  same  method,  which  has  been  known 
for  a  considerable  time,  is  used  at  Liege,  by  Hubert  Sarton,  who  makes 
eight-day  spring  clocks  on  this  plan. 

On  the  arbor  of  the  first  or  great  wheel,  is  fixed  what  may  be  call- 
ed the  fusee-ratchet,  working  with  the  click  and  spring,  which  are 
on  the  auxiliary  or  going-ratchet ;  in  the  last  is  fixed  a  pin,  which 
comes  through  the  end  of  the  auxiliary  spring,  and  the  circular  notch 
in  the  great  wheel,  which  is  keyed  on  in  the  same  way  as  in  the  case 
with  a  fusee;  having  also  a  detent  and  spring  for  the  going- 
ratchet, — ^the  whole  forming  the  great  wheel,  and  the  mechanism  for 
going  in  time  of  winding.  On  the  great-wheel  arbor,  close  to  the 
main-ratchet,  let  a  small  bevelled  wheel  be  fixed,  of  any  small  num- 
ber of  teeth,  fully  stronger  than  those  in  the  great  wheel,  the  back  of 
the  bevelled  wheel  lying  against  the  main-ratchet  Indeed,  both 
might  be  made  from  one  and  the  same  piece  of  brass.  Supposing  the 
diameter  of  the  pillar-plate  to  be  2.25  inches,  that  of  the  great  wheel 
would  be  1.5  inch,  and  the  number  of  the  teeth  72 ;  the  bevelled 
wheel,  being  half  an  inch  in  diameter,  would  admit  24  teeth ;  and, 
if  made  a  little  thicker  than  the  great  wheel,  the  teeth  would  be  suf- 
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ficiently  strong.  Another  bevelled  wheel  of  the  same  diameter  and 
number  of  teeth  as  the  other,  is  fixed  on  a  pinion  arbor,  (a  hole  6e- 
tn^  made  in  iht  poience  plate^  to  allmo  the  bevelled  wheels  lo  pitch 
together,)  which  Is  placed  within  the  frame '  in  a  horizontal  direction, 
in  that  line  which  passes  through  the  centres  of  the  great  and  second 
wheels  ;  one  of  the  pivots  runs  in  a  cock  inside  of  the  potence-plate, 
and  placed  near  to  the  great  wheel  arbor ;  the  other,  which  is  a  little 
beyond  the  pinion-head,  runs  in  a  cock  fixed  on  the  outside  of  the 
potence-plate.  This  pinion  has  sixteen  leaves,  of  the  same  strength 
as  the  teeth  of  the  bevelled  wheels,  and  runs  in  with  the  edge  of  a 
toothed-rack ;  every  revolution  will  be  over  the  length  of  one  inch 
on  the  rack,  and  equal  to  four  hours,  or  one  turn  of  the  great  wheel ; 
the  second  wheel-pinion  being  18.  The  length  of  rack,  supposed  to 
be  8  inches,  would  allow  the  time  of  going  to  be  equal  to  32  hours, — 
8  inches,  muhiplied  by  4,  being  equal  to  32.  Were  the  rack  12 
inches  long,  it  would  admit  the  time  of  going  to  be  48  hours ;  or  the 
diameter  of  the  pinion  might  be  increased  from  .333  to  .600  parts 
of  an  inch,  and  the  time  of  going  would  then  be  somewhat  more  than 
30  hours.  Let  a  slip  of  wood  be  made  15  inches  long,  five-eighths 
of  an  inch  broad,  and  rather  more  than  one-eighth  thick ;  on  one  side 
of  this,  and  close  to  the  edge,  let  another  slip  of  the  same  dimensions, 
but  not  quite  so  broad,  be  set  on  edge  at  a  right  angle  to  the  side  of 
the  other.  This  will  form  a  pattern  to  have  two  such  cast  in  brass 
from  it ;  aflcr  being  dressed  up,  one  is  lefl  plain,  the  other  so  as  to 
have  twelve  inches  of  teeth  made  on  one  of  the  edges ;  the  plain  one 
is  screwed  to  thQ  inside  of  the  case,  and  the  other  is  screwed  on  to 
the  plain  one,  having  the  toothed-edge  on  the  right-hand  side  of  the 
pinion,  so  as  to  make  the  second  wheel  and  pinion  turn  the  proper 
way.  To  the  ring  or  cap  which  incloses  the  movement  of  the  chro- 
nometer, are  attached  three  pieces  of  brass,  kneed  up  at  each  end ; 
the  distance  from  the  ends  is  about  two  inches  and  a  half,  in  which  are 
holes  made  quite  parallel  to  one  another,  and  go  on  three  steel  rods, 
15  inches  long,  and  two-tenths  of  an  inch  in  diameter,  fixed  in  the 
lower  and  upper  ends  of  the  case,  and  parallel  to  one  another,  and 
near  to  the  dial  of  the  chronometer.  The  case  may  be  either  of 
wood  or  brass,  having  a  door  on  one  side,  which  serves  the  purpose 
of  getting  at  the  chronometer,  either  to  observe  the  time,  or  to  push 
it  up  afler  it  is  nearly  run  down.  In  the  lower  part  of  the  cap,  a  re- 
cess may  be  made  to  receive  any  additional  weight  requisite  to  load 
the  chronometer  with,  in  order  to  give  greater  extent  of  vibration  to 
the  balance  ;  the  upper  part  of  the  case  should,  if  necessary,  be  hung 
in  gimbals,  and  the  bwer  end  loaded  with  lead  to  keep  it  steady. 
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A  chronometer  nught  be  easily  fitted  up  in  this  way  to  go  eight 
days,  by  giving  more  length  of  rack,  a  greater  weight  to  the  bottom 
of  the  cap,  more  teeth  to  the  bevelled  wheel,  which  is  on  the  hori- 
zontal pinion  arbor,  fewer  to  that  which  is  on  the  arbor  of  iSbe  great 
wheel,  and  the  second  wheel  pinion  to  make  more  revolutions  for  one 
turn  of  the  great  wheel.  Suppose  the  great  wheel  80,  the  second 
wheel  pinion  16,  one  turn  will  be  equal  to  five  hours;  the  bevelled 
wheel,  which  is  on  it,  hehg  16,  will  have  a  revolution  also  in  five 
hours ;  the  bevelled  wheel  which  turns  it,  having  24  teeth,  will  make 
a  revolution  in  seven  hours  and  a  half.  The  rack  being  25.6  inches 
long,  the  pinion  of  16,  making  a  revolution  on  it  in  seven  hoivs  and 
a  half,  and  25.6  X  7.5  =>  192,  the  number  of  houis  in  eig^  days. 
The  length  of  the  case,  being  thirty  inches,  could  be  no  inconveni* 
ence  where  eight  days  going  without  winding  is  obtained.  A  simi- 
lar, and  we  think  a  preferable,  construction  might  be  adopted,  by 
having  the  chronometer  fixed,  and  a  weight  hung  to  the  lower  end 
of  the  rack,  which^  aa  in  the  case  of  a  jack^  would  keep  up  the  mo- 
tion required  for  the  chronometer.  This  plan,  however,  of  a  mov- 
able rack,  would  require  a  space  for  the  rack  to  move  in,  equal  to 
twice  its  length. 


CHAPTER  Xm. 


On  the  Force  of  Main'Springa  in  Box-Chronometers  and  hau>  to 

Cakidaieit* 

Box-cHRONOMETRRs,  or  marine  time-keepers,  being  sometimes  made 
to  go  eight  days,  without  requiring  to  be  again  wound  up;  and,  in 
order  that  these  machines  may  run  such  a  length  of  time,  the  motive 
force  ought  to  be  pretty  strong;  it  becomes,  therefore,  a  matter  of 
some  consideration,  to  obtain  this  force  of  such  a  quantity,  as  shall 
be  little  more  than  sufficiently  adequate  for  the  purpose,  which  must 
be  obvious  to  every  judicious  mechanic ;  any  thing  beyond  this  being 
rather  hurtful  as  otherwise;*  while,  at  the  same  time,  the  main- 
eipriag  should,  as  nearly  as  possible,  retain  its  force  with  the  great- 

'*'  This  restriction  applies  more  properiy  to  dead  beat  or  cylinder  'scapements, 
than  to  those  of  the  detached  kind,  which  are  not  in  this  respect  quite  so  limited* 
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est  degree  of  constancy  and  invariability.  To  have  strength  of  main- 
spring, it  must  be  either  broad  or  thick  ;  if  broad,  then  the  rubbing 
of  the  coils  creates  a  great  deal  of  friction,  and  the  oil,  on  getting  glu- 
tinous, adds  still  a  little  more  to  the  resistance  of  the  spring  when 
the  coils  are  unbending.  On  the  other  hand,  when  the  spring  is 
thick,  it  requires  a  barrel  of  a  greater  diameter,  which  takes  up  more 
room  than  could  be  wished  ;  besides,  thick  springs  are  more  apt  to 
break  than  thin  ones.  Very  few  are  aware  of  the  difficulties  attend- 
ing the  procuring  of  a  good  spring  ;  if  they  are  hard,  this  exposes 
them  continually  to  the  risk  of  breaking  ;  if  they  are  sof\,  they  gra- 
dually relax,  and  in  the  end  become  good  for  nothing.  Much  de- 
pends on  the  part  of  the  spring-maker,  and  no  small  degree,  of  care 
i$  required  by  Atin,  to  have  steel  of  the  best  quality  selected,  also 
carefully  to  hammer,  harden,  and  temper  it,  and  lastly,  in  being  very 
attentive  when  coiling  or  turning  it  up.  To  obviate  as  much  as  pos- 
sible the  objections  which  have  been  mentioned,  Mudge  and  Ber- 
thoud  adopted  the  mode  of  having  a  double  barrel  in  one,  and  a 
spring  put  into  each,  with  an  arbor  common  to  both  ;  by  which  means 
they  obtained  the  force  of  a  broad  spring,  without  its  concomitant 
defects.  It  may  be  observed,  that  neither  of  these  celebrated  artists 
thought  of  making,  what  they  did  not  approve  of,  a  time-piece  to 
go  ei^t  days ;  and  if  the  expedient  of  a  double  barrel  was  had 
recourse  to,  for  the  main-spring  of  a  time-piece  to  go  thirty  hours 
only,  it  must  be  still  more  requisite,  for  that  which  is  constructed  to  go 
eight  days. 

The  force  of  main-spring  in  a  box-chronometer,  should  depend  on 
ih»  extent  of  the  arcs  of  vibration  which  the  balance  must  describe, 
and  however  long  or  short  these  arcs  may  be,  they  ought  neverth^ 
lees  to  be  peiformed  in  the  same  space  of  time.  Now,  on  that  ac- 
count, this  force  becomes  limited,  by  the  extent  of  those  arcs  that 
are  found  to  be  isochronaL  Therefore,  to  determine  this  force  of 
nudn-spring,  make  the  chronometer  go  with  different  weights,  mak- 
ing no  use  of  a  barrel,  a  main-spring,  or  a  fusee  ;  fit  to  the  square  of 
the  fusee  arbor,  a  short  cylinder  of  wood  or  brass,  about  two  inches 
or  so  in  diameter,  let  one  end  of  a  fine  piece  of  cord,  or  small  gut,  be 
fixed  and  wrapped  three  or  four  times  round  it,  to  the  other 
end,  after  being  conducted  over  a  mudl  directing  roller  or  pulley^ 
attach  weights  of  different  quantities,  according  as  they  may  be  found 
requisite  to  make  the  balance  describe  arcs  of  unequal  extent,  in  or- 
der to  come  at  those  vibrations  where  the  balance  with  the  pendu- 
lum-spring are  found  to  be  most  isochronal.     Having  obtained  this 

36 
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point,  calculate  how  much  the  balance  ought  to  weigh,  so  as  the 
chronometer  may  bo  at  time ;  consequently,  diminish  or  increase  the 
weight  of  tho  balance,  regulating  the  chronometer  wholly  by  the 
weight,  and  masses  of  the  balance,  without  touching  the  ^ndulum- 
spring.  Keeping  the  chronometer  still  going,  adding  to  or  taking 
away  from  the  going  weight  the  qucmtity  requisite  to  make  the  ba- 
lance describe  the  arcs,  where  it  was  found,  that,  even  with  unequal 
vibrations,  they  were  isochronal.  We  have  now  the  measure  of  the 
motive  force,  and  may  find  what  the  force  of  the  main-spring  ought 
to  be,  so  as  that  it  may  be  made  equal  to  the  trial  weight  To  make 
such  trials  as  those  which  have  been  mentioned,  the  frame  of  the 
chronometer  must  be  fixed  in  a  horizontal  position,  to  a  stand,  con- 
trived and  adapted  for  this  purpose.  Suppose  the  amount  of  the  trial 
weight  was  found  to  be  equal  to  30  Troy  ounces,  or  14,400  grains 
Troy,  the  radius  of  the  short  cylinder,  including  the  8emi->diameter  of 
the  cord  being  one  inch,  and  let  the  fusee  adjusting  tool  be  fixed  at 
six  inches :  then  the  weight  on  the  adjusting  tool,  at  a  radius  of  six 
inches,  will  be  five  ounces,  which  is  that  required  to  be  in  equihbii- 
um  with  the  force  of  the  main-spring,  when  adjusting  it  with  the  fu- 
see, who^e  semi-diameter  at  bottom  is  one  inch.  A  spring  may 
now  be  made  t6  accord  as  nearly  as  may  be  with  the  given  force^  andy 
if  required,  this  may  be  increased  or  diminished  by  altering  a  little 
the  diameter  of  the  fusee,  or  by  such  like  means,  till  such  time 
as  the  spring  draws  the  given  weight  on  the  adjusting  tool,  at  the 
fixed  radius.  A  main-spring  being  made,  it  may  be  known  if  it  has 
the  force  required  without  making  use  of  either  the  fusee  or  barrel 
in  the  frame.  Fix  the  arbor  of  the-  barrel  in  the  vue,  and  one  end 
of  a  cord  fixed  to  the  barrel,  and  wrapped  three  or  four  times  round 
it,  to  the  other  end  put  on  weights  till  such  time  as  they  are  in  equi- 
librium with  the  barrel,  the  main-spring  being  bent  up  a  turn,  or  a 
turn  and  a  quarter.  Assuming  the  semi-diameter  of  the  bottom  of 
the  fusee  at  seven  and  a  half-tenths  of  an  inch,  by  calculation,  may  be 
fbund,  according  to  the  weights  required  to  make  equilibriiHn  with 
the  spring,  what  weight  the  adjusting  tool  will  draw  on  a  radius  of  six 
inches.  For  example,  if  a  spring,  when  bent  up  a  turn,  makes  equili- 
brium with  48  ounces  at  the  end  of  tho  cord,  the  radius  or  serai-dianieter 
of  the  fusee  bottom  given,  is  seven  and  a  half-tenths  of  an  inch,  and 
the  radius  of  the  arm  of  the  adjusting'  tool  is  six  inches,  or  sixty 
tenths,  what  weight  on  it  must  the  spring  draw?  Say,  as  60  teBlh» 
is  to  7.6  tenths,  the  radius  of  the  fusee,  so  is  48  ounces,  the  equili- 
brium at  the  fusee,  to  6  ounces  that  the  adjusting  tool  ought  to  cany 
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Oil  a  nuliufl  of  6  inchefl.  Having  the  weight  that  the  adjusting  tool 
wiU  cany,  we  may  thence  find  the  8emi*diameter  of  the  fusee  by  the 
foUowing  proportion  :  As  48  ounces  is  to  6  ounces,  so  is  60  tenths  to 
7.6  tenths  for  the  radius  or  semi-diameter  of  the  fusee.  ExrnnpU 
2cL  The  diameter  of  a  fusee  being  given,  likewise  the  weight,  which 
on  the  adjusting  tool  ought  to  be  in  equilibrium  with  the  main-spring. 
To  And  what  this  force  ou^t  to  be  at  the  circumference  of  the  bar- 
rd.  If  the  spring  draws  6  ounces  on  the  adjusting  tool,  with  a  ra- 
dius of  six  inches,  and  the  diameter  of  the  fusee  at  bottom  is  one 
inch  and  a  half,  equal  to  seven  and  a  half-tenths  of  radius.  To  find 
the  force  of  the  spring  on  the  circumference  of  the  barrel,  make  the 
following  proportion:  As  seven  and  a  half-tenths  is  to  sixty  tenths, 
so  is  six  ounces  to  forty-eight  ounces,  the  force  exerted  at  the  cir- 
camfereiice  of  the  barrel,  or  what  it  is  at  the  bottom  of  the  fusee. 

B7  flawing  such  a  process  as  this,  as  was  done  by  Berthoudf 
much  time  might  be  saved,  and  the  ends  required  will  be  obtained 
with  a  greater  degree  of  certainty  and  accuracy  than  could  otherwise 
be  acquired. 

When  the  chronometer  is  at  last  completely  finished,  cleaned  out, 
and  put  together,  it  may  be  satisfactory  to  put  it  again  under  trial: 
but,  when  fixed  to  the  stand,  the  conducting  pulley,  the  cord,  and 
weights  attached  to  the  end  of  it,  must  now  be  put  in  an  opposite  di- 
rection, so  as  to  oppose  at  pleasure  the  force  of  the  main-spring  with 
any  quantity  of  weight,  when  trying  and  comparing  the  short  vibra^ 
tions  of  the  balance  with  those  of  the  long  ones  given  by  the  natural 
foice  of  the  main-spring.  We  ought  to  make  use  of  such  methods 
as  are  simple  and  certain,  without  taking  the  trouble  of  putting  the 
barrel  and  fusee  into  the  frame,  in  order  to  guess  at  the  force  of  the 
spring  and  diameter  of  the  fusee,  and  we  could  then  direct  the 
qmng-maker  to  produce  springs  which  should  have  at  once  the  force 
required,  by  giving  him  the  weighty  which  being  attached  to  a  cord 
wrapped  round  the  banel,  and  fixed  to  its  circumference,  it  should  be 
m  equilibrium  when  bent  up  one  turn.  Take,  as  a  third  Elxampk: 
The  foroe  of  a  spring  being  given  at  the  circumference  of  the  banralf 
and  the  diameter  of  the  fusee  being  also  given,  to  find  how  much 
this  E^iring  will  draw  on  a  radius  of  six  inches,  in  order  to  estimate 
somewhat  nearly  from  these  data  the  weight  and  diameter  of  the  ba* 
lance*  What  is  given  may  serve  from  practice  by  comparison,  to 
find  the  weight  and  diameter  of  a  balance,  but  it  is  too  limited  to  be 
geneniL  There  are  many  other  circumstances  to  be  taken  into  con* 
sideration,   such  as  the  number  of  vibptions  in  a  minute,  &g.  fee* 
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Suppose  a  spring,  set  up    half  a  turn,  makes  equilibriuni  with  forty 

ounces  at  the  circumference  of  the  barrel,  and  the  fusee  is  one  inch 

in  diameter   at  the  bottom,  or    the  radius  is  equal    to  half  an   inch. 

We  may  find  the  weight  it  will  draw,  by  the   following  proportion : 

tenths,  tenths,  oz.      oz. .  .  oz.  dwt.  gr. 

60    :    5  :  :  40  :    3.33,    which  is  equal  to  3    6  16,  or    1600   grains 

Troy.  To  find  readily  and  surely  the  shape  of  a  fusee  and  its  dia- 
meter, a  trial  fusee  must  be  used.  If  the  trial  fusee  is  one  inch  in 
diameter,  and    draws  ten  ounces,   for    example.      In    order  that  the 

fusee  required  may  draw  eight  ounces,  making  the  following  proportion, 

OS.    tenths.        oz.  tenths. 

10  :    10   :  :   8:8.     The  fusee  required  must  be  8  tenths  of  an  inch 

in  diameter.     If  a  spring  must   draw  twelve  ounces,   and    the  trial 

oz.      oz.  tenths,  tenths. 

fusee  draws  ten.  10  :  12    :  :    10    :    12     The  diameter  of  the  fusee 

must  be  twelve-tenths  of  an  inch,  that  is,  one  inch  and  two-tenths  of 

an  inch. 


CHAPTER  XIY. 

On  the  Dividing  and  Cutting  Engine,  and  on  the  Methods  of  Dknding 
Circles  into  variovs  lumbers  for  the  plates  of  Dividing  and  Wheel" 
Cutting  Engines, 

Among  the  inventions  in  the  Art  of  Horology,  produced  in  this 
country,  may  be  mentioned  that  of  the  wheel-dividing  and  cutting 
engines,  which  are  said  to  have  been  invented  by  Dr.  Hooke.  In 
the  preface  to  the  fourth  edition  of  Derham^s  Artificial  Clock-maker, 
he  remarks,  that  '*the  invention  of  cutting  engines,  (which  was 
Dr.  Hookers)  fusee  engines,  and  others,  were  never  thought  of  till 
towards  the  end  of  King  Charles  the  Second's  reign.**  It  is  well 
known  that  he  contrived  and  used  an  endless  screw  and  wheel  for  the 
pmpose  of  dividing  astronomical  instruments,  in  1664.  The  wheel- 
cutting  engine  was  contrived  by  him  in  1666.  Sully  carried  over 
to  Paris  wheel-cutting  engines,  of  British  manufacture,  which 
were  much  admired  there,  not  only  for  their  beauty  and  fanci- 
ful execution,  but  also  for  their  utility.  The  French  artists,  how- 
ever, unwillingly  admit  our  claim  to  this  invention;  and,  could  they 
have  brought  forward  documents  to  the  contrary,  it  would  most  rea- 


CUTTING  ENGINE  AND  DITIDING  CIBCLES.  285 

dily  have  been  done.  They  maintain,  that  it  could  not  have  beea  in- 
vented and  improved  at  the  same  time  by  any  one  man,  an  opinion  in 
which  we  must  agree  with  them. 

A  wheel-cutting  engine,  and  one  which  could  divide  almost  any 
number,  by  means  of  an  endless  screw  and  toothed  wheel,  was  made 
about  70  years  ago,  by  Hindley  of  York,  which  came  afterwards  in- 
to the  possession  of  Mr.  Smeaton,  from  whom  we  purchased  it  in 
the  year  1786.  As  Hindley  knew  what  had  been  done  in  this  way 
by  Dr.  Hooke,  this  seems  to  have  been  made  in  imitation  of  his, 
with  some  additions  and  improvements,  as  it  is  evidently  not  copied 
from  that  which  is  described  in  Thiout's  work.  Vol.  I.  p.  63,  Plate 
XXIII.  Fig.  1,  said  to  have  been  invented  by  M.  P.  Fardoil,  watch- 
maker at  Paris.  Ramsden's  dividing  engine,  for  which  he  got  a  con- 
siderable premium  from  the  Board  of  Longitude,  was  executed  on 
this  principle,  the  great  merit  of  which  consisted  in  having  a  mora 
perfect  screw  than  had  hitherto  been  made.  For  a  copious  history 
of  Dwidmg  Engines^  and  a  full  account  of  the  engines  invented  by 
Ramsden  and  Troughton,  see  the  article  Graduation,  Vol.  X. 
p.  352.  of  the  Edinhurgh  Encyclopcbdia, 

About  the  years  1778,  or  1780,  Mr.  Smeaton  (see  the  Phi- 
hsaphical  Transaclions  for  17S5,)  gave  into  the  Royal  Society 
a  paper,  describing  a  very  simple  and  ingenious  method  of  dividing, 
contrived  by  Hindley,  who,  providing  himself  with  a  narrow  strip 
or  ribbon  of  very  thin  plate-brass,  about  three  yards  long;  into 
this  he  pierced  four  hundred  holes,  less  or  more,  according  to  the 
extent  of  the  greatest  number  he  meant  to  have  on  the  engine-di- 
viding plate ;  the  equality  of  distance  between  the  holes  was  kept 
by  drilling,  and  opening  them  from  two  small  holes  in  a  hard  piece 
of  steel,  shifUng  from  one  hole  to  the  next,  having  a  nice  cylindrical 
steel  pin  to  put  through  the  steel  and  brass  as  he  went  along.  After 
the  holes  were  all  drilled,  and  the  strip  of  brass  a  little  dressed  up, 
he  got  a  block  of  wood  chucked  on  to  the  mandrel  of  a  stout  turning 
lathe,  turning  the  edge  of  the  block  down  to  that  diameter,  that  the 
strip  of  brass,  when  wrapped  tightly  round  it,  should  have  the  two 
extreme  holes  to  meet  exactly,  and  form  one  hole,  into  which  a  pin 
being  put,  kept  the  ends  together,  and  the  whole  fast  to  the  wood. 
The  face  of  the  block  being  previously  turned  flat,  and  on  it  fixed 
the  engine-plate,  having  a  number  of  concentric  circles  traced  upon 
it,  to  be  severally  divided.  One  end  of  a  steel  spring  index  was  fixed 
to  the  lathe,  in  the  other  was  a  nice  conical  point  of  steel,  tempered, 
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applied  so  as  to  enter  fairly  and  freely  into  the  holes  in  the  strip  of 
brass  ;  taking  them  step  by  step,  the  divisions,  in  going  along,  were 
marked  off  on  the  plate.  The  greatest  number  being  first  laid  down> 
then  before  the  next  less  could  be  laid  on,  the  strip  of  brass  was 
taken  ofiT,  and  the  block  turned  down,  so  as  to  allow  the  holes  in  the 
extreme  ends  to  meet  for  that  number,  and  so  on  downwards  to  the 
smallest  number. 


A  Method^  showing  how  to  Divide  Circles  on  the  Dividing  Plaie  of  a 

Wheel- Cuiiing  Engine, 

This  is  a  method  which  we  have  used,  and  frequently  practised 
with  much  satisfaction  and  success.  Wheel-cutting  engines  are 
made  having  a  few  common  numbers  only  laid  down  on  the  dividing 
plate.  But  should  a  number  be  wanted  which  is  not  on  the  engine- 
dividing  plate,  the  following  directions  will  enable  any  one  to  lay  down 
on  it  the  number  required.  Having  a  scale  of  equal  parts  very  nicely 
divided,  and  by  which  every  inch  can  be  subdivided  into  a  thousand,  this^ 
accompanied  with  a  small  beam  compass,  or  a  pair  of  very  fine  spring  di- 
viders, with  such  points  as  could  take  from  the  scale  the  two  thousandth 
part  of  an  inch,  and  with  these  to  operate.  For  example  :  The  circle  de- 
scribed on  the  engine  plate,  is  supposed  to  be  two  inches,  and  six*tenths  of 
an  inch  in  diameter,  and  the  number  eleven  is  required  to  be  laid  down  on 

tent  be. 
it     Then    say,    as    113  :  355  ::  26  :  81.68.      The  last    term  is  tlie 

Dumber  of  tenth  parts,  and  decimal  pails  of  a  tenth  contained  in  the 

circumference  of  the  circle ;  this  divided  by  eleven^  the  number  to  be 

laid  on  it,  will    give    seven-tenths,    and    forty-two    hundredths  of  a 

tenth,  for  the  opening  of  the  compasses  to  be  taken  from  the  scale  of 

equal  parts,  to  make  one  eleventh  part  of  the  circle.     If  the  scale  is 

accurate,  and  the  measure  of  the  parts  accurately  taken*  the  circle 

will  be  found  to  be  so  well    divided  as  to  answer  all  the  purposes 

wanted.     Suppose  a  wheel  of  73  is  wanted,  and  this  number  is  not 

on  the  plate,  a  circle  described  on  it  is  5.75  inches  in  diameter,  what 

opening  should  the  compasses  have,  so^as  to  take  the  seventy-third 

tenths.  tenths, 

part  of  the  circumference?  As  113  :  356  :  :  50.76  :  159.436.     Divide 

this  last  term  by  73,  and  the  quotient  will  be  2.184  tenths  for  the 

opening  of  the  compasses.     The    rule  is  equally  applicable  to  even 

or    odd    numbers.     Bisection  of   even    numbers    makes  it    a    very 

easy  matter  to  lay  them  down  on  .any  circle,  without  having  recourse 
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to  the  rale  just  given.  The  greater  part  of  an  odd  number  may  likewise 
be  done  by  bisection,  as  shown  by  Ferguson,  in  his  Select  Exercises^  p. 
38^  from  which  the  following  is  extracted. 


To  dhide  ike  Circumference  of  a  Circle  into  any  Given  dumber  of  Parts j 

whether  Even  or  Odd, 

As  there  are  very  unconunon  and  odd  numbers  of  teeth  in  some  of 
the  wheels  of  astronomical  clocks,  and  which  consequently  could  not 
be  cut  by  any  c6mmon  engine  used  by  clock-makers  for  cutting  the 
numbers  of  teeth  in  their   clock   wheels,  I  thought   proper   to  show 
how  to  divide    the   circumference  of  a  circle    into  any  given  odd  or 
even   number  of  parts,  so  as  thai  number  may  be  laid  upon  the  di* 
viding  plate  of  a  cutting  engine.     There  is  no  odd  number  but  from 
which,  if  a  certain  number  be  subtracted,  there  will  remain  an  even 
number,  easy  to  be  subdivided.     Thus,  supposing  the  given  number 
of  equal   divisions  of  a  circle  on  the   dividing   plate  to  be  69,  sub- 
tract 9,  and  there  will  remain  60.     Evoiy  circle  is  supposed  to  con- 
tain 360  degrees ;  therefore  say,  as  the  given  number  of  parts  in  the 
circle,  which  is  69,  is  to  360  degrees,  so  is  9  parts  to  the  correspond- 
ing arc  of  the  circle  that  will  contain  them ;  which  arc,  by  the  Rule 
of  Three,  will  be  found  to  be  46  iVir*     Therefore,  by  the  line  of  chords 
on  a  common  scale,  or  rather  on  a  sector,  set  oflT  46  iVir  (or  46  -j^) 
degrees  with  your  compasses  in  the  periphery  of  the  circle,  and  divide 
that  arc  or  portion  of  the  circle  into  9  equal  parts,  and  the  rest  of 
the  circle  into  60,  and  the  whole  of  the  circle   will  be  divided  into 
69  equal  parts,  as  was  required.     Again,  suppose  it  were  required  to 
divide   the   circumference  of  a  circle  into  83  equal  parts,  subtract  3^ 
and  80  will   remain.     Then,  as  83  parts  are  to  360   degrees,  so,  by 
the  rule  of  proportion,  are  3  parts  to  13  degrees,  and  one-hundredth 
part  of  a  degree ;    which   small   fraction    may  be  neglected.     There- 
fore, by  the  line  of  chords,  and  compasses,  set  off  13  degrees  in  the 
periphery  of  the   circle,    and   divide   that  portion  or  arc  into  3  equal 
parts,   and   the    rest  into  80,  and  the  thing  will  be  done.      The  fol- 
lowing is  from  the  same  work,  p.  42,  and  may  be  useful  to  those  eiH 
gaged  in  large   clock-work,   or  in  mill-machinery.      '<  Supposing   &e 
distance  between  the  centres  of  two  wheels,  one  of  which  is  to  turn 
the  odier,  be  given,  that  the  number  of  teeth  in  one  of  diese  wheels 
is  different  from  the  number  of  teeth  in  the  other,  and  it  is  required 
to  make  the  d^hneter  of  these  wheels  in  such  proportion  to  one  ano- 
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ther,  as  their  number  of  teeth  are,  so  that  the  teeth  in  both  wheels 
may  be  of  equal  size,  and  the  spaces  between  them  equal,  that  either 
of  them  may  turn  the  other  easily  and  freely :  it  is  required  to  find 
their  diameters.  Here  it  is  plain,  that  the  distance  between  the 
centres  of  the  wheels  is  equal  to  the  sum  of  both  their  radii  in  the 
working  parts  of  the  teeth.  Therefore,  as  the  number  of  teeth  in  both 
wheels,  taken  together,  is  to  the  distance  between  their  centres,  taken  in 
any  kind  of  measure,  as  feet,  inches,  or  parts  of  an  inch,  so  is  the  number 
of  teeth  in  either  of  the  wheels  to  the  radius  or  semi-diameter  of  that 
wheel,  taken  in  the  like  measure,  from  the  centre  to  the  working  part  of 
any  one  of  its  teeth.  Thus,  suppose  the  two  wheels  must  be  of  such 
sizes  as  to  have  the  distance  between  their  centres  five  inches ;  that  one 
wheel  is  to  have  76  teeth,  and  the  other  to  have  33,  and  that  the  sizes  of 
the  teeth  in  both  wheels  is  equal,  so  that  either  of  them  may  turn  the 
other,  the  sum  of  the  teeth  in  both  wheels  is  108  :  Therefore  say,  as 
108  is  to  five  inches,  so  is  75  teeth  to  3  iSV  inches ;  and  as  108  is  to 
5  inches,  so  is  33  to  1  iVV*  so  that  from  the  centre  of  the  wheel  of  75 
teeth,  to  the  working  part  of  any  tooth  in  it,  is  3  inches  and  47  hundredth 
parts  of  an  inch ;  and  from  the  centre  of  the  wheel  of  33  teeth,  to  the 
working  part  of  either  of  its  teeth,  is  1  inch  and  53  hundredth  parts  of  an 
inch." 

Having  the  diameter  of  a  wheel,  which  is  proposed  to  be  cut  into 
a  given  number  of  teeth,  to  find  the  thickness  of  a  cutter  suitable,  so 
as  to  give  the  teeth  and  space  in  due  proportion.  For  example  : — 
A  wheel  of  4.8  inches  in  diameter  is  wanted  to  have  144  teeth  cut 
on  it;  suppose  the  depth  of  the  teeth  to  be  one-tenth  of  an  inch, 
then  the  diameter  of  the  wheel,  taken  at  the  bottom  of  the  teeth  and 
spaces,  will  be  4.6  inches ;  and  it  is  intended  to  have  the  teeth  and 
spaces  alike  at  the  bottom,  which  will  allow  the  teeth  to  be  broader  from 
the  bottom  upwards.  To  find  the  circumference  of  a  diameter  of  4.6 
inches,  say,  as  113  is  to  355,  so  is  4.6  to  its  circumference,  which,  in  this 
case,  will  be  14.4513  inches.  Reduce  this  to  thousand  parts,  and  we 
shall  have  14451.3  to  divide  by  288,  the  number  of  teeth  and  spaces,  the 
quotient  will  be  50.2  nearly,  call  it  50  thousandths  of  an  inch,  or  half  a 
tenth,  which  is  the  same  thing,  and  this  is  what  the  thickness  of  the  cutter 
ought  to  be. 

By  the  same  sort  of  scale  of  equal  parts,  as  used  in  the  division  of 
circles,  any  given  straight  line  may  be  divided  into  any  required  num- 
ber. For  example :  A  given  straight  line  is  5.5  inches  long,  and  it 
is  proposed  to  divide  it  into  ten  equal   parts   5.6-7-10=5.5  tenths  of 


■INDLET'i  WBKKL    CUTTIlfG  EN«INE.  989 

as  inch.  Suppose  a  given  streigfat  iine  is  equal  in  length  to  6048, 
which  is  6  indies  and  .048  of  an  inch,  or  48  thousand  parts  of  an 
inch  more, — it  is  required  to  have  this  line  divided  into  24  equal  parts : 
6048-7-249  the  quotient  will  be  262  thousand  parts  of  an  inch,  or  some* 
what  more  than  2.6  tenths  of  an  kich.  This  is  a  much  neater,  and  a 
more  accunle  way  than  any  proportional  compasses  can  give,  and  is  eveil 
easier  in  its  operations ;  the  calculation  or  operation  of  division  may  be 
ooDsiderod  as  nodung.  It  is  hardly  po8s3>le  to  bring  the  centre  piece  of 
die  proportioiial  compasses  accurately  to  its  ]^ace  at  all  times,  admitting 
the  maiks  or  places  to  be  correctly  put  on;  besides,  any  repairs  to  die 
poinlB  of  the  compasses  will  put  all  out  of  order.  For  these  reasons,  we 
consider  proportional  compasses  to  be  of  titde  use,  however  faigenious 
they  may  appear  to  be. 

The  Honorable  the  CommissioDers  of  the  Board  of  Longitude,  some 
yean  ago,  deservedly  awarded  the  sum  of  one  hundred  guineas  to  the 
lateMr.  James  ADan,  watchmaker,  London,  (an  ingenious  master  in 
the  ait  of  dividing  maAematical  and  astronomical  instruments,)  for 
what  they  conceived  to  be  his  superior  method  of  dividing.*  Mr* 
ADan's  mediod  of  cutting  a  very  accurate  screw  for  his  dividing  engine, 
appearo  to  be  neat  and  simple.  We  are,  however,  humbly  of  opinion, 
that  a  screw  cut  by  a  good  engine,  having  an  inclined  plane  or  edge, 
would  likely  be  as  perfect,  if  not  more  so,  than  any  that  could  be  otherwise 
obtained. 

The  engine  mentioned  at  page  221,  made  by  the  celebrated  Hen* 
ly  Hindley,  of  York,  about  the  year  1740  or  1741,t  and  sent  to  ua 
bf  Mr.  SmeatOD^  in  May,  1786,  alcmg  with  a  full  description,  and 
the  principles  of  its  construction,  with  which  he  seems  to  have  taken  a 
great  deal  of  pains ;  and  as  it  is  done  evidently  by  a  masteriy  hand  <m 
idubjects  in  mechanics,  it  is  deemed  interesting  to  preserve  a  copy,  which 
fellows: 


u 


De8cripUan  of  the  mMod  of  the  cottfiM0&eeI  work  of  HmdleifB 

Eaugme. 

^  The  use  of  this  is  to  form  the  different  numbera  for  cutting  the 
teeth  of  clock  wheels,  &c.  and  to  make  the  requisite  moves  of  the 
endless   screw  and   iriieel  as  readfly  as  can  be  done  by  a  common 

*  0M  Mr.  Albn*s  method  in  voL  joitv.  of  Timos.  Sooioty  of  Arts,  Ac  1816,  or 
Smith*!  Mechaaio, «  valuable  oollection  pabliBhed  at  Liverpod,  in  2  vols.  8vo. 

t  It  nlay  fairly  be  concluded  that  Hindley  did  not  copy  any  thing  from  Fardoil,  as 
his  engine  would  appear  to  have  been  made  before  Thiout  pubHshed  the  description 
of  Fardoil^B.  Both  may  have  taken  the  idea  of  the  endless  screw  and  wheel  from 
Dr.Hook«w 
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dividing  plate.  As  an  appendage  of  the  engine,  No.  7  and  8  con- 
tain two  sets  of  count-wheeb,  containing  all  die  numbers  that  Hind- 
ley  had  in  general  use  for  clock-work,  finttm  128  to  56,  and  the  largoBt 
number  128,  is  upon  the  end  of  the  emfless  screw  in  its  place ;  and 
any  other  of  the  numbers  being  put  upon  the  end  of  the  aibor  in  the 
same  manner,  and  the  larger  locking  wheel  slided  till  it  engrain  there- 
with, the  smallest  of  the  three  winches  being  put  upcm  the  square  of 
the  arbor,  there  is  nothing  to  do  but  to  turn  the  handle  till  the  wheel 
locks,  and  then  lifting  it  out,  turn  again  till  it  locks  a  second  time; 
and  then  the  main  aibor  of  the  engine  will  have  turned  round  a  quan- 
tity answerable  to  (he  space  of  one  tooth  of  a  wheel  of  the  same  num- 
ber as  that  on  the  end  of  the  screw  arbor.  The  reason  of  whidi  is  as 
follows : — Suppose,  for  a  moment,  the  locking  wheel  to  havB  860  teeth* 
the  same  as  the  great  wheel,  the  locking  wheel  locks  ait  a  whole  turn 
only.  Suppose,  for  an  easy  calculation,  the  wheel  required  to  be  cut  to 
be  86,  then  a  turn  of  the  endless  screw  will  be  the  space  for  one  toodit 
but  the  number  36  b^ng  on,  you  must  turn  it  round  ten  times  to  make 
the  locking  wheel  go  round  once,  if  it  was  860 ;  but  being  only  180,  as 
it  really  is,  then  the  locking  wheel  must  go  two  turns  to  make  the 
screw  go  round  ten  times. 

'*  It  may  seem  (hat  it  would  have  been  more  ready  to  have  had  the 
locking  wheel  to  have  been  really  360,  and  then  one  lock  would  pro* 
duce  the  number.  What  was  Mr.  Hindley's  reason  for  this,  Mr.  S. 
does  not  exactly  know,  as  he  never  knew  but  that  it  was  so  till  the 
engine  came  into  his  hands ;  but  he  supposes  it  to  have  been  to  avoid 
too  fine  teeth,  or  over  heavy  a  locking  wheel,  as  its  weight  lies  on 
the  lever  by  which  the  main  endless  screw  is,  by  a  spring,  command- 
ed into  the  teeth  of  the  great  wheel,  and  consequently,  by  a  differ- 
ent distance  from  the  centre  of  the  lever,  will  counteract  the  spring 
indifferent  degrees.  Its  being  only  180,  however,  has  some  advan- 
tages, for  every  number  will  produce  its  double ;  thus  72  being  put 
on  by  single  locks,  it  will  produce  144.  Also,  if  you  want  an  origi- 
nal number,  or  one  that  is  not,  put  on  the  minute  circle,  or  circle  of 
60,  that  is  figured,  to  which  there  is  a  prc^r  index  to  drop  into  the 
notches.  The  minutes  in  the  whole  circle  are  21600 ;  divide  this  num- 
ber by  the  number  wanted,  and  the  quotient  will  be  the  number  of 
minutes  due  to  each ;  which,  if  above  60,  divide  by  60,  and  you  will 
then  have  the  number  of  turns  of  the  screw,  and  parts  to  form  each 
tooth;  and  the  fraction  remaining  being  distributed  through  the 
whole  circle,  all  your  teeth  will  be  true  within  a  minute.  By  count- 
ing thus,  you  may  ruff  cut  a  count  wheel,  which  being  obtained,  all 
others  of  the  same,  or  a  double  number,  are  easily  cut :   but  if  yoii 
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Mvar  euk  emad  d^  doid>le,  aad  dM  number  given  is  even,  then  yoa 
hid  better  prodvoe  the  kaUi  beceiMethAt  will  produce  your  number  by 
angle  moves.  If  thoee  count  wbeeb  are  ever  so  coarsely  cut,  even 
by  hmd,  yet  if  they  are  near  enough  to  engrain  with  and  turn  round  the 
locking  iriieel,  its  Untruth  signifies  httle,  as  every  error  of  its  an|^e 
will  be  lessened  in  the  proportion  of  360  to  1. 

^  If  you  want  a  high  number,  suppose  966 ;  amongst  the  dividing 
plaftes  No.  9,  you  wfll  probsbly  find  the  number  78,  which,  multipli- 
ed by  6,  produces  866;  and  860  multiplied  by  73,  produces  26280; 
and  thb  divkM  by  366  gives  72.  It  therefore  follows,  if  you  put  the 
phte  73  upon  the  aibor,  and  turn  a  wMe  turn,  wanting  one  division, 
you  will  produce  the  number  866;  and  Mr.  S.  a(^>rehends  the  other 
dividing  phitee  will  be  found  adapted  to  similar  purposes.  Mr.  8. 
remembers,  that,  fiw  the  more  ease  in  counting,  Hindley  had  a  couple 
of  poinleis  finift  he  couki  separate  like  a  pair  of  compasses,  and  fix 
ntany  angle,  whidi,  turned  round  upon  the  centre  of  the  aibor,  and 
byaspringing  plate  or  staple,  were  stiff  enough  to  keep  any  place  to 
wineh  they  were  set  The  iriiole  turns  of  the  aibor  were  easily  count- 
ed, and  thepointen  being  separated  to  the  number  of  minutes  requir- 
ed at  each  move,  you  set  the  follower  pointer  to  the  minute  to  be 
eat,  and  pressing  down  die  index,  you  moved  the  leader  pointer  to  the 
index,  then  cutting  your  notch  upon  the  wheel,  you  move  the  arbor, 
first  die  whole  turns,  if  necessary,  and  then  so  much  fiurther,  that  the 
follower  pointer  comes  to  the  index,  which  press  down,  move  the  poin^ 
er,  and  cut  as  before.  This  apparatus,  for  want  of  use,  appears  to  be 
lost,  as  it  did  not  oome  to  Mr.  S.  with  the  engine,  but  may  be  made 
afipesh  without   much  trouble. 

Gautioiis  to  Mr.  Reid. — ^^  The  great  dividing  wheel  being  sent 
entirely  at  liberty  horn  die  screw,  the  catdi  that  hokls  it  there  is  lashed 
fcstwith  pack-thread, — before  he  undoes  that,  it  will  be  well  to  iiH 
traduce  a  bit  of  soft  wood  wedge,  a  card,  or  a  bit  of  leather,  be- 
tween die  main  screw  and  wheel ;  then  releasing  the  pack-thread  and 
die  catch,  he  will  soon  find,  by  pressing  upon  the  lever  near  the  catch, 
whatwill  enable  him  to  release  the  wedge;  then  setting  a  tooth  of 
die  wheel  exacdy  corresponding  to  a  notch  of  the  screw,  let  it  go 
gently  into  it  Without  this  precaution,  (before  he  was  aware  of  it) 
the  calch  being  undone,  and  a  tooth  opposing  a  thread  of  the  screw, 
die  sudden  flirt  of  the  Bfmg  that  lifts  it  upwards,  might  set  a  braise 
upon  the  end  of  the  toodi  or  the  thread.  If  upon  letting  the  screw 
finify  into  the  wheel,  and  putting  on  the  smallest  handle  or  winch  which 
belongi  to  it,  die  screw  either  moves  stifly,  or  there  is  a  sensible  shake 
between  the  wheel  and  the  screw,  he  will  find  a  screw  against  wbich 
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tb0  upper  part  of  the  fiBme  of  the  main  screw  at  the  nf^  hnd  ead 
9iop8^  by  which  he  can  adjuat  it,  so  aa  to  be  jmi  mAaut  ahake ;  and 
then  if  the  screw  turns  easy  and  pleaaanU  all  is  right;f  if  net*  clear 
the  teeth  of  the  wheel  from  duett  with  a  middling  hard  bniah,  and  al* 
so  the  screw,  and  give  them  a  htde  goose-grease,  (not  what  dfipa 
from  them  in  roasting)  but  what  is  rendered  from  the  internal  fat  cake^ 
as  the  fat  of  sheep  and  bullocks  are  to  make  tallow.  If  the  teedi  of 
the  wheel,  or  threads  of  the  screw,  should  get  any  accidental  bruise, 
the  projecting  parts  should  be  taken  off  by  a  small  aoraper,  or  rnxk 
like  tool ;  the  teeth  of  the  wheel  and  i  screw,  well  cleaned  with  a  bradi 
and  soap  and  water,  and  then  ground  together  (nc^  with  emery),  b«t 
with  such  stuff  {|s  the  cock-founders  ground  their  braaa  cocks  with*  For 
^  purpose,  the  pulley  No.  23,  must  be  put  upon  the  handle  of  tiie 
screw  arbor,  and  fixed  with  the  plate  and  acrews ;  the  less  giindBg 
the  better,  the  rotation  moderately  quick,  but  must  keep  Ae  engine 
wheel  going  quite  round,  and  not  forward  and  backward  in  any  one 
place.  As  soon  as  it  appears  to  go  tolerably  regular,  no  nore  gnnd- 
ing  stuff  must  be  put  to  it,  but  gradually  wqiod  off  and  reduced,  as  k 
becomes  finer  and  smoother;  and  when  the  wet  is  a  lilde  dried  up^ 
feed  it  gradually  with  oil,  and  when  judged  smooth  with  that,  take  ctf 
the  pulley,  give  it  a  little  goose-grease,  tuming  the  screw  gmdy  to 
make  the  wheel  go  round  several  times  by  hand.  But  if  there  are  no 
palpable  defects,  it  will  behest  not  to  meddle  with  it  in  tbe  grinding 
way:  small  matters  will  remedy  tfaemselvea. 

**  There  was  a  part  which  w^s  obliged  to  be  taken  off  from  the  up>* 
per  part  of  the  engine,  to  suffer  the  lid  of  the  paddng  to  go  down, 
which  perhaps  Mr.  R.  will  not  know  what  to  make  of  without  eome 
directions :  it  consists  of  two  steel  plates,  (see  S.  Plate  XIV.)  both 
concentrated  upon  the  same  aibor,  they  slide  against  one  another,  and 
are  held  t^ether  by  a  screw,  so  that  either  of  them  may  be  pushed 
fiMTwarder  than  the  other.  The  aibor  which  is  fixed  is  marked  to  its 
place  where  it  goes.  The  use  of  those  is  to  set  either  side  or  midoBe 
of  the  cutter  to  cut  directly  towards  the  centre  of  the  wheel  to  be  cut, 
which  will  be  known  and  adjusted  by  bringing  the  joint  or  separalifm 
between  the  two  plates,  to  the  centre  of  the  cutting  arbor  on  which 
the  wheel  is  screwed  down  and  fixed;  and  when  once  fixed,  will 
ecaroely  need  an  adjustment,  without  there  is  at  present  oocaaion  to 
take  it  off. 

^  If  the  engine  had  fallen  to  Mr.  Smeaton's  lot,  he  would  have  put 
it  into  a  complete  general  repair.  Particularly,  the  cutler  wheel  is 
much  worn,  several  of  the  teeth  have  been  broken,  and  wiy  rovgUy 
put  in,  $0  that  it  goes  very  coarsely  in  its  pinion;  he  not  only  weuid 
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DMde  a  new  wbeel,  but  have  reduced  the  number  from  48  to  30* 
«r  ntber  d6 ;  in  which  case,  he  would  have  shortened  the  handle^  if 
he  had  found  it  neeessaiy  fyr  motion.  As  to  the  cutter  pinion,  he  be> 
MsTes  it  is  the  verj  sune  he  saw  in  the  engine  in  the  year  1741 ;  and 
therafore,  though  somewhat  worn,  must  be  quite  hard ;  he  therefore 
did  not  propose  to  change  it,  but  to  accommodate  the  teeth  of  the  wheel 
tneieiOb 

^  The  spring  that  lifts  the  lever  of  the  endless  screw,  is  peihaps  too 
afemt,  too  stubborn,  and  too  sudden ;  and,  on  the  whole,  is  so  injudi- 
CMNislj  applied,  thst  Mr.  S.  cannot  suppose  it  Ae  spring  Hindley 
IsA  in  the  engine  at  his  death,  wUidk  happened  in  the  year  1771. 
Mn  8.  therefore  proposed  to  fix  a  new  one  in  such  a  manner  as  to  act 
■MM6  kindtty  and  more  equably.  He  also  meant  to  make  anew  the 
eorapaas  pointers  above  described,  for  easy  counting  for  original  num- 
bers, vemieiSt  Itc*  for  divided  instruments." 

Having  a  wheel  for  a  clock  requiring  the  number  106  to  be  cut  on 
it,  our  dockmaker,  though  weH  acquainled  wiA  using  Hindley^s  engine 
■I  the  usual  way  with  count  wheds,  and  even  with  some  of  the  plate 
■hiuhi,  was  at  a  k)ss  how  to  proceed  in  it,  when  we  put  him  on  the  f(4- 
kfwing  piocess :— The  endless  screw  wheel  has  390  teeth,  then  divide 
dns  nuniber  by  106,  and  we  have  for  quotient  &iVr,  or  -H^  or  -g^,  or  ^. 
it  may  not  be  so  easy  to  get  a  wheel  of  105,  but  one  of  70  or  42  may 
aoore  readily  be  obtained,  particularly  42,  as  it  is  quite  a  common 
number  with  clockmakers.  A  large  plate  wheel  of  42  notches  being 
made  and  fixed  on  the  end  of  die  endless  screw  arbor,  if  we  turn  this 
phis  three  times  round,  and  18  notches  more,  cut  one  tooth  or  space« 
tins  gone  over  106  times,  will  give  106  teeth,  and  will  be  equal  to  860, 
Ae  number  in  the  endless  screw  wfaeei  A  plate  wheel  of  7  might  readi- 
ly be  notched  by  handi  and  3  tarns  and  3  notches  would  equaUy  produce 
the  number  106. 

There  is  almost  no  number  but  may  be  come  at,  by  taking  a  pro- 
cess smnewhat  simOar  to  the  above.  Take  the  number  116  for  ex- 
ample, 366  divided  by  it  has  for  quotient  3  -i\^,  or  i^.  A  plate  wheel 
of  28  notches  cut  on  it,  thus  turned  round  three  times,  taking  3  notches 
more,  will  produce  116. 

Suppose  a  iM^eel  was  required  to  be  cut  into  a  number  greater  than 
860;  for  example  735,  which  would  be  15  more  than  the  double  of 
860,  a  plate  wheel  having  49  notches,  and  taking  24  of  these  for 
every  time  a  space  is  cut  in  the  wheel,  it  will  give  the  number  of 
taedi  required,  as  720,  the  double  of  360,  being  multiplied  by  49, 
win  give  36380,  and  this  divided  by  735  will  give  48.  It  hardly 
occurs  in  jmietice,  that  wheels  of  such  a  high  number  as  this  are  ever 
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required ;  the  case  is  given  merely  to  show  die  great  ezteQt  of  num- 
bers that  can  be  cat  by  such  an  engine.  It  may  be  requisite  to  show 
how  the  numbers  48  and  49  were  obtained.  If  we  divide  720  by  16* 
we  have  48  for  quotient,  and,  by  the  rule  of  pnqportion,  49  is  got  As 
720  :  48  :  :  736  :  49." 

Thou^  a  detail  of  the  properties  of  Hindky's  engine  has  been 
given  by  Mr.  Smeaton,  yet  what  fdlows  will  perfaiqis  show  more  at 
large  the  variety  of  numbers  that  may  be  cut  by  it 

With  the  combined  assistance  of  the  minute  wheel,  and  the  laige 
wheel  of  360,  there  may  be  cut  a  great  many  numbers  between  3  and 
21600 ;  but  as  these  very  high  numbers  are  seldom  or  never  required, 
we  shall  content  ourselves  with  maricing  down  the  majoiity  of  those 
under  600  teeth,  thouf^  there  is  no  doubt  other  intermediate  nombeiB 
might  easily  be  found  by  a  little  calculation,  that  could  also  be  cut  by 
this  combination. 

There  are,  however,  some  numbers  which  cannot  be  {voduced  from 
die  minute  wheel,  and  the  great  wheel  of  360,  such  as  480, 66, 42,  21, 
14,  7,  &c. ;  but  these,  with  many  others,  can  be  got,  by  substituting 
instead  of  the  minute  wheel  of  60,  a  wheel  of  70.  By  this  last,  several 
numbers  can  be  got,  which  are  also  produced  by  the  wheel  of  60 ;  but 
we  shall  confine  ourselves  by  stating  some  of  those  which  the  minute 
wheel  cannot  produce. 

A  very  few  plate  wheels,  (perhaps  ten  or  a  dozen)  may  be  sufficient 
to  give  any  number  whatever,  however  odd  or  uncommon. 

It  is  to  be  observed,  that  in  the  following  tables,  the  first  column 
indicates  the  number  of  entire  turns  and  fractional  parts  of  a  turn  of 
the  endless  screw,  and  these  fractional  parts  are  again  expressed  in  the 
second  column,  by  the  number  of  60th  parts  of  a  turn  of  the  minute 
wheel,  or  70th  parts  of  a  turn  of  the  wheel  of  70,  over  and  above  the 
number  of  entire  turns  of  the  endless  screw.  The  third  column  points 
out  the  number  of  teeth  cut 
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CHAPTER  XV. 


On  JEftMiiMm  Cloek$,  Equation  of  Tme,  <md  Lunar  Motkmt. 

m 

Thk  fint  equation  clock,  which  is  a  very  ingenious  ccmtrivance  to 
show  both  mean  and  apparent  time,  was  made  in  London  about  120 
yean  ago.  The  following  history  of  the  invention  is  given  by  Bei^ 
thoud: 

^  The  most  ancient  equation  clock,''  says  he,  *'  which  has  come  to 
our  knowledge^  is  that  which  was  placed  in  the  cabinet  of  Chailes  !!• 
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King  of  Spain,  and  which  is  mentioned  at  the  end  of  T%e  ArHfiekd 
Rtde  of  Tmt^  bj  Sully,  (edition  1717,)  who  gives  the  following 
account  of  it,  from  an  extract  of  a  letter  from  the  Rev.  Father  Kresa, 
of  the  Society  of  Jesus,  written  to  Mr.  Williamson,  watch-maker  of 
the  cabinet  of  his  Imperial  Majesty,  of  the  9th  Januaiy,  1716. 

""  What  M.  Baron  Leibnitz  says,  in  his  remarks  at  the  end  of  Solly's 
book, — ^that  if  a  watch  or  clock  did  of  itself  make  the  reduction  of 
tqwd  tvHu  to  aippareiU^  it  would  be  a  veiy  fine  and  convenient  thing, 
-—on  this  subject,  I  have  to  tell  you,  that  from  the  yeivs  1699  and 
1700,  there  has  been  in  the  cabinet  of  King  Charles  II.  of  glorious 
memory,  Emg  of  Spain,  a  clock,  with  a  royal  pendulum,  (seconds 
pendulum,)  made  to  go  with  weights,  and  not  with  sfHings,  going 
four  hundred  days  without  requiring  to  be  once  wound  up.  I  have, 
by  order  of  his  Majesty,  and  in  his  presence,  seen  and  explained  the 
instructions,  which  were  sent  from  London  with  watches,  which  coin 
tained  many  curious  things.  I  had  orders  to  go  eveiy  day  to  the 
palace,  during  several  months,  to  observe  the  said  dock,  and  comparB 
it  with  the  sun-dial ;  and,  at  that  time,  I  remarked  that  it  showed  the 
equation  of  time,  tffaai  and  apparenl^  exactly  according  to  the  tables 
of    Flamstead,*  which  are  found  likewise  in  the  Rodolphine  Tables* 

&C'' 

SuUy,  at  the  end  of  the  letter,  of  which  an  extract  has  just  been  giveii» 
makes  the  following  remarks,  page  9  :  "  What  the  Rev.  Fatfaar 
Kresa  relates  of  the  clock  of  the  late  King  of  Spain,  is  veiy  true.  It 
is  more  than  twenty  years  since  such  clocks  were  made  in  London ; 
and  I  believe  that  I  am  the  first  who  applied  this  mechanism  (for 
equation,)  to  a  pocket-watch,  twelve  or  fourteen  years  ago." 

A  very  curious  and  excellent  equation  clock,  (made  by  Mudge 
and  Dutton,)  and  some  othtr  thing9^  were  left  by  the  late  Gene- 
ral CleriL  to  the  late  Sir  John  Clerk,  and  entailed  on  the  house  of 
Pennycuick.  One  of  which  was  a  spring  clock  by  the  same  makers, 
having  a  very  ingenious  sort  of  motion  work,  so  contrived  as  to  make 
the  clock  strike  what  may  be  called  Roman  hours.  The  General 
was  of  a  studious  disposition,  and  disliked  hearing  the  long  hours 
as  they  were  struck  in  the  ordinary  way  by  common  clocks.  This 
spring  clock  stood  in  his  libraiy,  or  reading  room;  it  had  two 
bells,  one  of  them  laiger  than  the  other,  having  a  tenor  soundp 
the    smaller  one  sounding  sharp;  one   blow  on   the  tenor  bell  was 

*  The  etrliest  equation  tMea  were  calcolftted  by  our  fint  Astronomer  Rdyal, 
Mr.  Flaawtead,  at  Greenwich. 
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nckooed  five,  and  one  on  the  sharp  bell  was  reckoned ;  one  for 
example,  when  af  long  hour  was  to  be  struck,  such  as  the  twelve 
o'clock  hour,  two  blows  on  the  tenor  beU  made  ten,  and  two  on  the 
sharp  bell  made  two  more,  equal  to  twelve.  One  blow  on  the  tenor 
bell  and  throe  on  the  sharp  bell  mdicates  the  eight  o'clock  hour.  One 
blow  on  the  sharp  bell  and  two  on  the  tenor  bell,  or  ten  minus  one, 
was  the  hour  of  nine.  One  blow  on  the  tenor  bell  was  the  five 
o'clock  hour,  and  in  like  manner  the  other  hours  were  given.  There 
is  a  clock  made  bj  Tompion,  bel<Miging  to  the  Right  Honorable  the 
£ari  of  Moray,  at  the  house  of  Donibristle,  which  strikes  the  hours  some- 
what  in  this  way,  by  means  of  a  sort  of  count  wheel,  so  far  as  we 
remember* 

A  gentleman,  somewhat  like  General  Cleric,  complained  to  hui 
watchmaker,  that  he  could  not  Hear  the  tick  tack  noise  which  his 
spring«clock  made,  and  wanted  much  to  have  it  suppressed  if  possi- 
ble ;  the  'scapement  it  had,  was  of  the  crown  wheel  and  verge  kind : 
To  obtain  the  end  of  preventing  a  noise  being  made,  a  piece  of  gut 
was  put  across  the  opening  or  sink  made  for  the  pallets  of  the  veige, 
just  at  the  part  where  the  crown-wheel  teeth  dropped  or  fell  on  them,  (it 
■Hist  be  observed  that  the  gut  was  stretched  parallel  to  the  line  of  the 
veige  aibor,)  which  had  the  desired  effect  of  taking  the  noise  away ; 
and  wha^  was  very  remaricable,  afler  a  great  many  years  going,  no  wearing 
or  mark  of  any  kind  was  visible  on  the  gut  We  have  put  thin  and 
hard  steel  springs,  both  on  verge  and  anchor,  or  recoiling  pallets,  with 
pretty  good  effect,  for  softening  down  the  noise  made  by  the  beats  of 
thedodc 

Description  of  Pennycuick  House  Equation  Clock, 

This  clock  goes  a  month,  strikes  the  hour,  and  has  a  strike-silent 
piece.  The  'scapement  is  made  af^er  that  of  John  Harrison's, 
requiring  no  oU  to  the  pallets ;  the  pendulum  is  a  gridiron  compen- 
sation one,  composed  of  five  rods,  three  of  which  are  steel,  the  other 
two  of  zinc,  or  some  compound  of  zinc.  On  the  dial  are  seen  the 
hours,  minutes,  and  seconds,  and  their  hands.  The  minute  hand 
keeps  mean  or  equal  time ;  the  equation  of  time  is  given  by  a  hand 
with  a  figure  of  the  sun  on  it,  keeping  solar  or  unequal  time,  and 
shows  at  all  times  when  the  sun  is  on  the  meridian.  lis  dif- 
ference from  the  minute  hand  is  the  equation  of  time.  The 
age  and  phases  of  the  moon  are  also  represented,  the  days  of 
the  year,  and  of  the  month,  the  degrees  of  the  ecliptic,  and  the 
signs     of   the    zodiac,    the    rising,    and    setting    of   the    sun,    the 

38 
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length  of  the  day,  &c  The  dial  is  a  twelve  inch  arched  one.  Coo- 
centric  with  the  arch,  is  a  sort  of  ring-plate  wheel  of  366  teeth, 
making  its  revolution  in  a  year,  or  365  days.  Its  diameter  is  aboul 
8  inches,  and  the  breadth  of  the  lim  or  ring  li  inch  nearly.  On  this 
ring-plate,  at  the  outermost  circles  containing  divisions,  are  laid  down 
the  days  of  the  year ;  and  on  the  space  next  within,  are  the  names  of 
the  months,  the  days  being  numbered  by  the  figures,  10,  20,  &c. 
The  next  circles  contain  the  360  degrees  of  the  ecliptic ;  the  space 
within  has  the  signs  of  the  zodiac,  and  the  numbers  10, 20,  and  30, 
marked  for  the  degrees  in  every  sign,  and  correspcmding  with  the  days 
of  the  year  and  of  the  month,  when  the  sun  is  in  any  of  these  signs* 
The  innermost  circles  contain  what  may  be  called  the  divisions  of  the 
aemi-diumal  arcs.  On  the  space  outside  of  this  are  marited  the  cor- 
lesponding  hour  figures  in  Roman  dharaoters.  This  is  what  gives  the 
time  of  the  rising  and  setting  of  the  sun,  and  the  length  of  the  day. 

In  the  annual  plate-ring  are  riveted  six  small  brass  pillars,  one 
inch  and  one-tenth  of  an  inch  in  height,  whose  opposite  ends  are 
screwed  by  steel  screws,  and  their  heads  sunk  into  a  plain  ring  wheel 
neatly  crossed  into  six  arms,  the  diameter  being  five  inches  and  three 
quarters  of  an  inch,  and  the  breadth  of  the  rim  thiee-ei^ths  of  an 
inch.  The  back  of  this  plain  ring  is  distant  from  the  back  of  the 
annual  plate-ring  one  inch  and  a  quarter.  The  plain  ring  is  at  the 
centre,  screwed  on  a  brass  socket,  having  a  square  hole  in  it  With- 
in the  frame  of  the  clock  movement,  and  at  a  perpendicular  distance 
of  six  mches  from  the  centre  wheel  holes^  a  steel  arbor  is  run  in, 
and  at  one  end,  prolonged  about  an  inch  and  a  half  beyond  the 
fore  frame  plate,  somewhat  like  a  stud.  The  pivot  in  the  fore  plate 
is  of  such  a  length  and  thickness  as  to  allow  a  square  on  its  outsideb 
It  is  on  this  square  that  the  equation  ecliptic  plate  is  put,  and  above 
it  is  put  on  the  annual  plain  ring  by  means  of  its  socket,  with  a  square 
hole  in  it  That  part  of  the  arbor  which  is  above  the  socket  is  round, 
and  serves  as  a  stud  for  the  moon's  age  ring  socket  to  revdve  en  it 
freely  and  easily.  The  moon's  age  ring  turns  within  the  annual 
plate  ring,  and  is  divided  into  69  equal  parts,  numbered  3,  6,  9, 
and  so  on  to  29^.  Its  diameter  is  five  inches  and  one-eighth ;  its 
breadth  fully  three-eighths  of  an  inch,  and  it  is  connected  with  a  plain 
wheel  neatly  crossed  into  six  arms,  of  the  same  diameter  and  breadft 
of  rim  as  thQ  moon's  age  ring,  having  six  small  pillars,  nearly  an  inch 
in  height  riveted  into  it,  and  the  moon's  age  ring  screwed,  at  the  op> 
posite  ends  of  three  of  them,  by  three  sunk  steel  screws.  This  plain 
ring  has  a  socket  which  runs  or  turns  on  the  stud  above  the  annual 
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pUn  wiieel ;  the  face  of  the  moon's  i^  ring  comes  fLijuAk  up  with  that 
of  the  amiual  pkte-ring,  and  both  come  iq)  to  the  back  of  the  dial,  in 
which  an  openuig  in  the  arch  is  made,  in  order  to  show  a  great  part 
of  ndiat  is  on  these  rings.  From  the  top  of  the  arch,  across  the  open- 
iBg,  and  down  in  a  straight  direction,  is  stretched  a  very  fine  wirey 
serving  as  an  index  to  the  days  of  the  year,  the  moon's  age,  ftc. 
The  annual  plate-ring  and  the  moon's  age  ring,  move  or  turn  from  the 
rif^t  to  the  left  hand  yet  separately  and  independently  of  each  other* 
On  theinside  shoulder  of  the  socket  of  the  moon's  age  ring  is  screw- 
ed a  small  beveled  wheel,  having  37  teeth,  and  one  inch  in  diameter, 
the  use  of  which  will  be  afterwards  explained.  In  die  dial  is  a  circu- 
lar opening  of  one  inch  and  three  quartera  in  diameter,  a  little  below 
the  opening  in  die  arch:  in  this  opening  is  exhibited  the  lunar  globe 
of  an  inch  and  a  quarter  in  diameter,  made  of  brass,  and  silvered ; 
one  half  of  it  is  peqiendiculariy  painted  black,  in  order  to  give  the 
phases  ths  new  and  the  full  moon.  On  the  abor  of  the  lunar  globe 
are  two  wheels,  one  of  68  teeth,  and  about  an  inch  in  diameter,  the 
other,  a  beveled  one  of  the  same  diameter,  and  with  37  teeth.  Both 
are  placed  below  the  lunar  globe;  the  wheel  of  37  and  the  globe 
are  fiwt  on  the  arixw;  the  wiieel  of  63  being  keyed  spring-tight 
above  die  beveled  one.  The  aibor  of  the  lunar  globe  is  in  Ae  frfane 
of  the  dial,  or  nearly  so,  and  this  beveled  wheel  tak^s  or  pitches 
into  that  of  the  same  number,  which  is  screwed  on  the  moon's  age 
ring  socket  as  before  mentioned ;  and,  by  means  of  holes  in  the  ringy 
Ike  whole,  diat  is,  the  globe,  the  beveled  wheels,  and  the  moon's  age 
ring,  fcc.  can  be  made  to  turn  together,  when  the  moon  is  at  any 
time  setting  to  its  proper  age.  The  pivots  of  the  lunar  globe  ariK>r 
ran  on  cocks,  which  are  screwed  on  to  the  back  of  the  dial.  Behind 
ihe  globe,  and  at  a  htde  distance  from  it,  is  screwed  on  to  the  back 
of  the  dial,  a  sort  of  ocmcave  or  hollow  hemisphere  of  thin  plate  brass, 
painted  inside  of  a  sky-blue  color. 

We  shall  now  proceed  to  show  how  the  moon's  motion  is  produce 
ed.  On  the  top  of  the  month  nut-socket,  where  it  lies  in  the  plane 
of  die  dial,  is  cutari^t>handed  double  endless  screw,  working  into 
a  small  brass  wheel  of  15  teeth,  winch  is  on  the  lower  end  of  a  long 
aibor,  standing  upright  in  a  slit  made  in  the  dial.  This  slit  is  co- 
vered by  a  large  circular  silvered  plate,  on  which  are  engraved  the 
boors,  minotes,  and  seconds ;  on  the  upper  end  of  this  long  arbor,  is 
a  pinion  of  8,  which  carries  about  the  wheel  of  63,  and  with  it,  at 
the  same  time,  the  beveled  wheels,  globe,  and  moon's  age  ring.  The 
pfvols  of  die  long  upri|^t  arbor  run  in  small  cocks  attached  to  the 
back  of  the  dial.    The  month  nut,  or  hour  wheel  socket,  makes  a 


900  PSNNTCUICK    HOUSE    EQUATION    CLOCK. 

revolution  in  twelve  hours,  carrying  the  hour  hand.  The  revolutioa 
of  the  moon's  age  ring  is  made  in  29  days,  12  hours,  and  45  mi- 
nutes. The  wheel  of  63  and  15  being  multiplied  together,  Ae  pro- 
duct is  945,  and  this  divided  by  8,  the  number  of  the  pimoUf  gives 
118.125  times  six  hours,  which  being  reduced,  gives  the  lunationfOr 
a  revolution  of  the  moon's  age  ring  as  above,  of  29  days,  12  hours, 
45  minutes.  Theti|ne  of  tiie  revolution  may  be  made  out  by  another 
way.  It  is  evident  that  one  tooth  of  the  small  wheel  of  15  is  turn- 
ed every  six  hours ;  of  course  the  wheel  will  be  made  to  have  a 
revolution  in  90  hours,  and  so  will  the  pinion  8.  Then,  if  we  say,  as 
8  t  90  :  :  63  :  708.75  hours,  which  is  also  equal  to  the  given  lunar 
tion  of  29  days,  12  hours,  45  minutes.  To  produce  the  annual  mo- 
tion of  the  ring-plate  wheel  of  365  teeth,  the  month  nut  is  cut  into  42 
teeth,  and  makes  its  revolution,  as  was  said  before,  in  12  hours,  and 
turns  a  wheel  of  84,  concentric  with  which  is  a  pinion  of  8,  leading  a 
#heel  of  96,  having  concentric  with  it  a  pinion  of  12,  leading  the  wheel 
of  36'6,  which  is  the  plate-ring  circle,  having  on  it  the  days  and 
months  of  the  year,  the  degrees  of  the  ecliptic,  &c.  turning  once 
round  in  365  days.  Now,  as  365x96x84=2943360,  this  product, 
divided  by  that  of  42x8x12=4032,  will  give  730  times  twelve 
hours,  or  365  days.  The  pinion  of  12  is  put  on  a  square,  which 
comes  in  and  through  a  small  hole  in  the  large  silvered  circular  plate, 
the  wheel  of  96  is  put  on  a  round  part  of  the  arbor  just  below  the 
pinion,  and  is  keyed  spring-tight  on  it ;  by  means  of  a  small  key 
which  fits  the  sqilare,  to  turn  the  pinion,  the  annual  wheel  of  365  teeth 
can  be  set  to  any  required  day  of  the  month,  which  can  be  done 
without  disturbing  any  of  the  motion  wheels.  The  setting  of  the 
moon's  age  ring  is  equally  free  as  this  from  any  disturbing  cause. 
The  diameter  of  the  month  nut  wheel  of  42  is  one  inch,  and  three  and 
a  half  tenths  of  an  inch;  that  of  the  wheel  of  84  is  2.5  inches,  and 
near  to  a  tenth  and  a  half  more.  The  wheel  of  96  is  three  inches, 
its  pinion  of  12  is  .307  of  an  inch,  the  pinion  of  8  is  .316  of  an  inch 
in  diameter. 

The  minute-pipe  wheel  of  56  teeth,  and  1.8  inch  in  diame^r,  runs  on 
the  arbor  of  the  centre  wheel,  carrying  the  minute  hand.  It  turns 
in  the  common  way  the  minute  wheel  m  of  the  same  number  and 
diameter,  whose  centre  lies  nearly  under  that  of  the  other,  about  .6 
of  an  inch  to  the  right  of  (he  middle  line  of  the  fore-frame  plate, 
and  1.7  inch  from  the  centre  of  the  minute-hand  wheeL  The  arbor 
of  the  minute  wheel  has  a  pinion  of  8,  leading  in  the  common  way  the 
hour  wheel  of  96,  whose  diameter  is  3.25  inches,  that  of  the  pinion  is 
•426  of  an  inch.     This  pinion  of  8  is  put  on  the  arbor  by  means  of  a 
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0quaret  and  with  the  minute  wheel  both  are  fast  on  the  aibor.  Bee 
Plate  XL  No.  62.  The  upper  side  of  the  wheel  maj  be  distant  from 
the  lower  face  of  the  pinion  about  .7  of  an  inch,*  the  lower  side  hav- 
ing a  proper  freedom  from  the  fore  plate.  Two  wheelst  one  a  fdain 
wheel  of  88,  the  other  a  beveled  one  of  38,  having  the  same  diametw 
1.2  inch,  are  screwed  together,  and  on  a  socket  common  to  both ;  the 
fkt  wheel  is  the  uppermost,  and  is  pretty  close  to  the  back  of  the 
beveled  one,  i^ose  teeth  look  downwards ;  their  socket  tunas  on  the 
minute-whed  pinion  arbor,  between  the  lower  face  of  the  pinion  and 
the  upper  side  of  the  minute  wheel,  having  a  proper  end-shake  be- 
tween them*;  the  back  of  the  flat  wheel  of  38  ie  below  the  lower  face 
of  the  pinion  .4  of  an  inch.  These  wheels  of  38  can  be  made  to 
turn  on  the  minute-pinion  arbor,  independent  of  it  and  the  minute- 
wheel.  The  minute-wheel  and  fHnion  arbor  extend  a  little  way  b^ 
yond  and  below  the  minute-wheel,  perhaps  one  inch,  and  three  or 
four-tenths  more  to  the  end  of  its  pivot ;  it  extends  also  bejond  the 
face  of  the  pinion  more  than  .6  of  an  inch  to  the  end  of  its  pivot, 
which  runs  into  a  cock  C  screwed  on  the  fore-frame  plate.  There  is 
a  part  formed  on  the  arbor  of  a  flat  circular  shape,  and  whose  thickness 
is  rather  more*  than  that  of  the  diameter  of  the  aibor ;  in  the  middle 
of  this  a  hole  is  tapped,  into  which  is  screwed  a  stud,  standing  at 
right  angles  to  the  arbor ;  a  beveled  wheel  of  38,  and  4>f^meter  1.2 
inch  with  its  socket  turns  on  this  stud,  which  is  placed  on  the  arbor 
at  that  distance,  so  that  the  two  beveled  wheels  may  fairiy  pitch  into 
one  another ;  the  minute  wheel  is  crossed  into  four,  and  through  coe 
of  the  cross  openings,  the  beveled  wheel  B,  which  is  on  the  stud,  gets 
to  pitch  with  the  beveled  wheel  fr,  which  is  above  the  minute  cme. 
On  the  inade  of  the  pillar  plate  is  screwed  a  cock  A,  nearly  1.2  inch 
in  hei^t,  and  so  that  the  middle  part  of  the  upper  knee  shall  be  op- 
posite to  the  lower  end  and  pivot  of  the  minute  pinimi  arbor.  On 
one  end  of  another  aibor,  in  length  about  2.1  inches,  having  a  shoul- 
der on  it,  is  riveted  a  beveled  wheel  c  of  the  same  diameter  and 
number  of  teeth  as  the  others ;  another  shoulder,  of  just  a  sufficient 
^ekness,  is  made  on  this  arbor  at  the  back  of  the  beveled  wheel ; 
the  rest  of  the  arbor  is  nearly  straight  all  the  way  to  the  shoulder  of 
a  pivot  which  is  at  this  end ;  from  this  shoulder  the  arbor  is  squared 
down  for  about  .6  or  .7  of  an  inch,  to  receive  the  socket-  of  a  small 
wheel  W  of  32  teeth,  which  turns  behind  the  pillar  plate ;  this  wheel 
is  nearly  one  inch  in  diameter,  and  a  cock  K  is  screwed  on  the  back 
of  the  pillar  plate,  in  which  the  pivot  of  the  wheel  of  32  runs ;  a  pin 
is  put  through  the  socket  and  square,  to  keep  the  wheel  fast  to  its 
place  on  the  arbor.     When    the  shoulder  at  the  back  of  the  beveled 
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wheel  bears  on  the  ovjrtside  of  the  kneed  cock,  whieh  is  on  the  inside 
of  the  piUar  plate,  the  cock  having  a  hole  in  it  which  allows  the  aibor 
to  go  through  and  to  turn  freely,  then  the  pivot  of  the  aii>or  will  run 
in  the  cock  which  is  at  the  back  of  the  pillar  plate.  The  kiside  bottom 
of  the  beveled  wheel,  which  is  riveted  on  the  shouUer  of  this  aifooFy 
has  the  end  of  the  arbor  made. flush  with  it,  and  a  hole  made  in  ttio 
end  and  centre  of  the  arbor  to  receive  the  lower  pivot  of  the  minute 
pinion,  in  which  it  runs  or  turns ;  the  beveled  wheel,  which  is  on  ^ 
stud,  being  supposed  to  be  set  as  low  down  as  it  shall  meet,  and  pitch 
properly  with  that  which  is  at  the  end  of  the  other  arbor. 

It  will  now  be  seen  that  the  end-shake  of  these  aihors,  when  conw 
hined,  will  lie  between  the  minute-pinion  cock  on  the  fore  plate,  and 
that  which  is  on  the  back  of  the  pillar  plate.  Let  us  suppose,  that 
the  beveled  wheel,  which  is  at  the  end  of  one  of  these  atbors,  remains 
stationary,  and  that  the  minute  pinion  and  wheel  are  carried  about 
by  the  minute-pipe  wheel,  which  is  on  the  arbor  of  the  centre  wheel ; 
during  a  revolution  of  the  minute-wheel  and  fNnion,  the  beveled 
wheel  which  turns  on  the  stud,  will  be  carried  not  only  round  with 
its  stud,  but  is  made  to  make  another  revolution  by  means  of  its  turn- 
ing round  on  the  teeth  of  the  beveled  wheel,  which  is  stationaiy, 
causing  the  beveled  wheel,  and  the  flat  wheel  connected  with  it, 
which  are  below  the  minute  pinion,  to  make  two  revolutions  in  the 
hour ;  and  as  the  flat  wheel  of  38  teeth  turns  the  sun-hand  wheel  of 
76  teeth,  and  2.3  inches  in  diameter,  this  last  must  make  its  revolu- 
tion in  an  hour.  Its  socket  turns  freely  on  that  of  the  minute-pipe 
wheel,  which  carries  the  minute  hand;  between  the  sun-hand  wheel 
and  this  minute-pipe  wheeU  is  a  slender  spiral  spring,  the  inner  end 
of  which  is  fixed  to  the  lower  end  of  the  sun's-wheel  socket,  the  outer 
end  being  fixed  in  a  stud  on  the  upper  sur&ce  of  the  minute-hand 
wheel.  This  spring  is  for  the  purpose  of  keeping  forward  the  sun 
hand  to  its  place,  notwithstanding  any  shake  which  may  be  among 
the  teeth  of  those  wheels  concerned  in  the  equation  motion  work. 
The  sun's  hand  is  of  brass  gilded,  having  the  figure  of  the  sun  on  it^ 
at  a  little  distance  from  the  end  which  points  to  the  minute  divisions. 
The  sun's  hand  lies  between  the  hour  and  minute  hands;  the  wheei 
of  76,  which  carries  it,  besides  the  motion  of  going  once  round  in  an 
hour,  has  at  one  time  a  smaU  modem  retrograde,  at  another  a  small 
motion  progressive,  according  to  the  equation;  and  thme  are  four 
times  in  &e  year  when  themmute  and  sun  hands  are  neariy  together. 
One  half  nearly  of  the  sun  wheel  is  crossed  out  on  that  side  in  which 
the  sun's  hand  lies,  in  order  that  the  equilibrium  of  the  hand  and  wheel 
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may  be  as  nice  as  powiUet  whatever  may  be  tbe  position  of  the  sim 

hand* 

From  the  centre  wheel  hole  oa  the  lore  frame  plate,  towards  tbe 
left  hand)  and  a  little  inwards,  take,  with  a  pair  of  compasses,  a  dis- 
tance of  3.8  inches,  and  sweep  an  arch,  and  then  from  the  centre  of 
Uka  hfAe  in  which  the  arbor  runs,  wbkik  canies  the  annual*plale  wheel, 
take  in  the  compasses  an  extent  of  4.6  inches,  and  sweep  another  arch 
BO  as  to  intersect  the  first,  the  place  of  intersection  will  be  that  of  an 
aibor   having  pivots,  one  of  which  runs  into  a  cock  screwed  on  the 
back  of  the  pillar  plate ;  the  other  runs  into  a  cock  screwed  on  die 
firoBi  of  the  f<»e-frame  plate ;  a  notch  is  made  on  the  edge  of  each 
fiame  plate  to  admit  the  arbor  to  come  to  its  place.    On  the  end  of 
thisarbor,  wduch  is  just  befaiad  the  pillar  plate,  is  fixed  a  rack,  or  seg- 
menl  of  a   circle,  6  inches   radius,  having  82   teeth  cut  on   it,  eul 
from  a  mtmbar  at»  ike  engine  pkUe  of  318 ;    the  rack-teeth  pitch  into 
the  small  wheel  of  32,  which  lies  behind  the  pillar  plate,  and  whose 
centre  coincides   with  that  of  the   minute-pinion  aibor,  as  mentioned 
before.    On  tbe  other  end  of  this  aiix>r,  and  beyond  the  fore-frame 
plate  a  very  liftde,  is  fixed  an  arm  of  4.5  inches  long,  having  at  the 
end  of  it  a  smooth  hard  steel  pin,  which  bears  on  the  edge  of  the  an- 
nual-eUiptic  equation  plate,  being  made  to  do  so  by  means  of  a  coil 
or  two  of  watch  main-spring  not  very  strong,  attached  to  the  aibor» 
near  to  the  inside  of  the  fore-fiwne  plate,  the  outer  end  being   fixed 
to  one  of  the  pillars,  or  to  a  stud  fixed  for  that  purpose  on  the  inside 
of  the  fore  plate*    The  elliptic  equation  plate  is  a  veiy  irregular  sort 
of  a  figure,  as  may  be  conceived  in  some  degree  by  the  description  of 
its  shape ;  ite  greatest  length  over  all  is  6.6  inches ;  the  centre  is  3.8 
iacbea  firom  the  Inroadeat  end,  and  2.7  inches  from  the  narrowest ;  the 
nearest  edge  across  the  centre  is  about  one  inch,  and  the  edge  oppo- 
site is  1.8  inch ;  the  greatest  breadth  of  the  broad  end  is  near  to  4 
inchest  that  of  the  narrowest  end  is  2.8  inches.    During  the  course 
of  ite  annual  revehlion,  the  edge  of  the  elliptic  plate  makes  the  arm 
vi^hhasthe  steel  pfaiin  it  rise  to  various  heights,  and  fall  as  vari- 
ously to  difiereol  depths.    By  this  rising  and  falling,  fiie  rack  which 
is  al  the  o^NMite  end  of  the  arbor,  is  made  to  bare  a  motion  some- 
timea  backward,  and  at  other  times   forward,   which  it  communicates 
to  the  small  vriieel  of  32,   bdund  fiie  piUar  pkte,  and  of  course  to 
tbe  beveled  wheel  of  38  e«  the  same  arbor  with  it    This  continual- 
ly causes  a  sndl  cbnge  of  place  to  tbe  beveled  whe^  of  38,  conse- 
ipiently  a  change  of  place  to  Aat  which  turns  on  the  stud,  and  hence 
to  the  wheel  canying  the  son  hand.    This  change  is  what  gives  Ae 
e(|uation,  shown  by  t)ie  difiereoce   of  time  between  the  minute   and 
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8im  hand.  When  the  pin  in  the  arm  falLs,  the  equation  or  sun  hand 
goes  forward,  and  when  rising  it  goes  backward.  The  greatest  nega- 
tive equation  for  1815,  on  the  third  day  of  November,  is  16  minutes, 
14.9  seconds,  which,  added  to  the  greatest  positive  equation  for  the 
same  year  on  the  1 1th  of  February,  being  14  minutes,  86.5  seconds, 
makes  in  all  30  minutes,  51.4  seconds ;  so  that  one  tooth  of  the  wheel 
of  32  may  be  nearly  equivalent  to  one  minute  of  equation.  To  trace 
properly  a  true  figure  to  the  equation  plate,  must  be  a  very  tedious 
and  nice  operation  ;  for  this  purpose  the  rack,  and  all  the  wheels  im- 
mediately connected  with  the  equation,  must  be  put  into  their  places, 
as  also  all  those  which  give  motion  to  the  annual  plate,  and  to  have  a 
spring  tight  arm,  having  a  sharp  point  to  it,  bearing  on  the  fiice  of 
the  brass-plate,  which  is  to  be  the  elliptic  one :  the  sharp  point  must 
lie  so  as  to  coincide  with  the  side  of  the  steel  pin  when  bearing  on  the 
edge  of  the  elliptic  plate.  The  sun  and  minute  hands  being  on,  and 
the  annual  plate  set  to  the  1st  of  January,  the  equation  hand  set  to 
the  equation  for  that  day,  then  by  setting  forward  the  minute  hand 
12  or  24  hours,  the  equation  hand  may  be  changed  to  what  it  ought 
to  be  in  the  same  time ;  so  by  going  on  step  by  step  in  this  way 
the  figure  of  the  equation  or  elliptic  plate  may  be  truly  done.  The 
rack  must  be  artificially  made  to  assist  in  this ;  and  when  the  revolution 
is  completely  at  the  end,  before  taking  out  the  rack  and  the  equation 
wheels,  marks  must  be  made  to  one  of  those  teeth,  and  likewise  to  its 
corresponding  space  in  the  other  wheels,  so  that  when  they  are  again  put 
into  their  places,  they  shall  give  such  equation  as  was  done  when  tracing 
for  the  elliptic  plate. 

Besides  the  days  of  the  month,  which  are  shown  on  the  annual 
plate,  there  is  a  common  month  ring,  having  31  figures  engraved  on 
it,  placed  as  usual  at  the  back  of  the  dial.  One  of  these  figures  is 
shiiled  every  day  through  the  whole  ring,  when  the  month  consists  of 
31  days,  and  two  figures  at  the  last  are  shifted  at  once  when  the 
month  consists  of  30  days,  to  bring  the  ring  to  the  first  day  of  the 
succeeding  month;  and  at  the  28th  of  February,  four  figures  are 
shifled,  so  as  to  bring  the  ring  to  the  first  of  March :  by  this  means, 
the  day  of  the  month  ring  requires  no  shifting  or  correcting  at  these 
periods,  as  those  in  the  common  way  do.  To  produce  this  motion, 
Jfive  short  steel  pins  are  placed  in  a  circle,  on  the  under  side  of  the 
elliptic  plate,  whose  radius  may  be  about  half  an  inch,  and  set  at 
3uch  a  distance  from  one  another  as  to  correspond  with  the  numbi^rs 
of  days  between  February  and  April,  between  April  and  June,  be^ 
tween  June  and  September,  between  September  and  November,  and 
between   November  and  February.     This  may  be  done   by  applying 
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the  elliptic  plate  on  a  cutting  or  dividing  engine,  having  the  number 
366  on  the  dividing  plate.  When  fixed  on  the  engine,  and  set  to 
the  first  point  of  the  number,  make  a  point  for  February  on  the 
elliptic  plate,  then  count  off  61  from  the  dividing  plate,  which  will 
give  the  place  for  the  pin  on  the  30th  of  April ;  another  61  will 
biing  it  to  June  30th ;  92  will  give  the  30th  September ;  61  die 
30th  November ;  and  90  more  will  bring  it  to  the  28th  of  February, 
the  point  bom  which  we  set  out  When  the  pins  are  put  in  the 
elliptic  plate,  that  for  February  will  require  to  be  longer  than  the 
others,  for  a  reason  which  will  be  explained  when  we  come  to  show 
the  use  of  these  pins*  The  month  wheel  of  84  teeth,  and  whose 
diameter  is  3.75  inches,  has  its  centre  on  the  left-hand  side,  distant  from 
the  central  perpendicular  line  1.4  inch,  and  from  the  centre  hole  in 
the  fore^frame  plate  2  inches*  The  month  wheel,  as  usual,  is  turned 
about  by  the  month  nut  A  long  piece  of  brass  forming  two  arms, 
each  four  inches  in  length,  has  a  small  arbor  through  the  middle  of 
the  whole  length  of  eight  inches.  The  pivots  of  this  arbor  run  into 
small  cocks,  attached  to  the  front  of  the  fore  plate,  keeping  the  long 
piece  of  brass  very  near  to  the  plate:  indeed  a  great  part,  particu- 
kily  the  end  of  the  upper  arm,  and  towards  it,  is  sunk  partly  into, 
the  fore  plate*  This  long  piece  of  brass  is  placed  so,  that  one  of 
the  arms  shall  come  to  the  socket  of  the  month  wheel,  and  the  other 
with  its  end  neariy  below  the  circle  in  which  are  the  five  pins,  in  the 
anmnl  elliptic  plate  described  as  beforeb  A  spring  is  placed  below  this 
upper  arm  to  keep  it  up,  unless  when  any  of  the  pins  get  on  the  end 
of  the  arm  and  press  it  down*  The  end  of  the  arm  is  chamfered,  or 
made  so  that  any  pin,  when  approaching  it,  gets  easily  on  and  presses  it 
down  gradually,  by  means  of  ascending  the  chamfered  part ;  and,  when 
past  this,  it  meets  with  a  flat  and  very  narrow  place,  where  it  cannot 
remain  l<Higer  than  some  time  short  of  24  hours,  say  16  or  18  hours,  or 
perfaqM  not  so  long.  Afler  having  passed  the  flat  part,  it  meets  with  a 
chamfered  side  opposite  to  that  of  the  first  Besides  that  of  freeing  the 
pin,  this  is  made  for  the  purpose  of  more  easily  setting  back  or  forward 
the  annual  plate. 

The  month  wheel  has  its  socket  equally  long  on  both  sides,  and 
quite  straight,  the  length  of  each  may  be  .6  or  .7  of  an  inch.  Two 
small  brass  pillarB  are  riveted  on  the  upper  side,  and  opposite  one 
another,  each  at  a  distance  from  the  centre  of  the  wheel  about  .7  of 
an  inch,  (See  No*  62,  2  and  3,)  the  height  of  the  pillars  from  the 
wheel  to  the  shoulder  about  half  an  inch;  and  from  the  shoulder  of 
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each  pillv,  a  sort  of  straight  pivot  is  prolonged  about  half  an  ineh 
more;  the  diameter  of  these  pivots  about  one-tenth  of  an  inch^  that 
of  the  pillar  .2  of  an  inch.  There  is  another  socket  which  goes  easi- 
ly on  the  lower  or  under  socket  of  the  month  wheel*  which  is  riveted 
in  a  rectangular  piece  of  brass,  about  an  inch  long,  and  half  an  inch 
broad,  or  nearly  so,  say  .4  of  an  inch.  In  this  piece  of  brass,  on  the 
side  opposite  that  of  the  socket,  are  also  riveted  two  small  and 
straight  brass  pillars,  about  an  inch  in  length,  and  the  diameter  about 
one-tendi  of  an  inch.  There  are  holes  in  the  month  wheel  to  allow 
these  pillars  to  go  easily  back  and  forward  in  them ;  their  places  will 
be  equally  between  the  month-wheel  socket  and  the  pillars  which  are 
riveted  in  the  month  wheeL  The  other  ends  of  the  small  straight 
pillars  are  made  fast,  by  two  small  steel  screws,  to  a  piece  of  brass, 
which  is  formed  to  correspond  with  two  broad  crosses  of  the  mondi 
wheel.  Only  one  of  them  is  made  to  have  at  the  end  a  segment  of  a 
circle,  whose  radius  is  nearly  equal  to  that  of  the  month  wbeeL  On 
this  segment  three  teeth  are  cut,  equal  in  their  spaces,  and  confirm  to 
those  of  the  month  ring.  In  the  arms  or  crosses  of  the  segfnent  are 
three  holes,  one  of  which  goes  easily  over  or  on  the  upper  socket  of  the 
month  wheel :  the  other  two  holes  go  easily  on  the  small  strai^  pivots, 
which  have  been  already  mentioned*  This  segment  cannot  be  put  on  tike 
ends  of  the  small  pillars,  till  the  socket  of  the  rectangular  piece  of  brass 
is  put  on  the  lower  socket  of  the  month  wheel,  having  previously  made 
the  pillars  connected  with  it  to  pass  through  their  holes  in  the  month 
wheel.  It  will  be  easy  to  perceive,  that  when  the  segment  is  put  on  to 
its  pillars,  and  a  sufficient  space  left  behind  the  moQth  wheel  and  the 
rectangular  piece  of  brass,  its  socket  may  be  made  to  pump  up  and  down 
on  that  of  the  month  wheel,  and  at  the  same  time  carrying  the  segment 
back  and  forward  with  it:  a  pin  in  the  month  wheel  stud  keeps  die 
month  wheel  socket  always  to  its  proper  end-shake,  notwithstanding  any 
motion  of  the  segment  backward  and  forward.  Below  the  rectangular 
piece  on  its  socket,  a  small  groove  is  turned  out,  for  the  purpose  of  a 
forked  piece  getting  on  it :  this  forked  piece  is  formed  on  that  end  of  the 
arm  which  lies  along  the  fore  plate,  and  on  to  the  socket  or  centre  of  the 
month  wheel. 

From  the  preceding  description,  it  is  evident  that  when  any  of  the 
elliptic  plate  pins  come  to  press  doiMi  that  end  of  the  u|^er  aim  whieh 
ties  near  and  under  them,  the  forked  end  will  raise  up  the  groofsd 
socket,  and  the  segment  which  is  connected  with  it;  hence  the  teeih 
of  the  segment  will  meet  with  pins  whidi  are  at  the  back  of  the  moolh 
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tmgf  and  by  tibtir  means  will  turn  tlie  month  ring.  On  the  month 
wheel  ifl  fixed  a  pin,  ivfaich,  in  common,  ahifte  the  day  of  the  month 
fittg;  but  in  those  months  in  which  there  are  onlj  thirty  days,  the  pins 
in  die  eDiplic  pkte,  which  press  down  the  end  of  the  arm,  make  the 
segment  be  pamped  up  only  so  far  as  to  meet  with  one  of  the  pins  at 
the  back  of  the  month  ring,  which  is  a  little  longer  than  the  other 
two;  and  one  day  being  shifted  by  it,  and  another  by  the  fixed  pin 
in  the  mondi  wheel,  this  makes  fiie  shifting  from  the  30th  to  the  1st 
day  of  the  succeeding  month. 

The  pin  in  the  elliplic  plate,  for  the  month  of  February,  being 
longer  than  the  others,  presses  the  end  of  the  arm  a  little  more  down, 
consequently  tiie  pumping  up  of  the  segment  must  be  to  a  greater 
faei^:  by  this  means  the  three  teeth  on  the  segment  get  hold  of  the 
dwee  pins  on  fiie  bock  of  the  month  ring ;  this,  with  the  fixed  pin  in 
die  month  wheel,  are  ready  to  shift  four  teeth  of  the  month  ring,  viz. 
flom  te  38th  of  Febraaiy  to  the  1st  of  March ;  and  by  this  yeiy  in- 
geoious  sort  of  mechanism,  die  month  ring  shows  always  the  right 
day  of  the  mondiy  except  on  the  29th  of  February  in  leap  years.  It 
may  be  necessary  to  notice,  diat  the  fixed  pin  in  the  day  of  the  month 
lAeel  must  be  placed  at  such  a  distance  from  the  first  tooth  on  the 
sqpnent,  as  is  equal  to  the  space  between  the  teeth  on  the  segment: 
The  mondi  ring  is  nol  attached  by  rollers  to  the  back  of  the  dial  in 
the  usual  way,  but  runs  in  four  rollers,  which  are  fixed  on  four  brass 
studs  on  die  fore-frame  plate.  This  is  fer  the  conveniency  of  seeing 
mete  easily  die  operadons  of  the  segment  with  the  month  ring,  when 
the  SQgmeat  is  pumped  up  and  down. 

The  constmcdon  of  the  mondi  wheel,  and  the  apparatus  for  shift- 
ing the  month  ring,  will  be  better  understood  from  No.  62,  2  and  3, 
when  A,  Ay  is  the  month  wheel ;  B,  B,  two  arms  or  crosses  nearly 
similar  to  those  of  the  month  iriieel,  having  a  hole  in  the  centre,  which 
goes  fieely  on  the  upper  socket  of  the  month  wheel.  On  one  of  these 
anna  is  a  segment  cX  a  csrcie,  nearly  of  the  same  radius  as  that  of  the 
mondi  wheel,  having  three  teeth  cut  on  it,  like  those  of  the  month 
ring;  a,  Oy  are  two  brass  pSlais  riveted  on  the  upper  side  of  the 
month  whed,  the  upper  ends  being  formed  into  sort  of  pivots.  On 
these  and  die  montb-wheel  socket,  die  segment  is  made  to  move  free- 
ly up  and  down.  G  is  a  rectangular  piece  of  brass,  into  which  a 
socket  is  riveted,  which  moves  up  and  down  on  the  lower  socket  of 
the  mondi  wheel,  having  a  groove  turned  out  on  it,  receiving  the 
forked  end  of  the  arm,  vriuch  pumps  it  up  and  down;  fr,  6,  are 
two  smaU  pillars,  wUeh  are  riveted  also   into  the  rectangular  piece 
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of  brasBf  having  two  holes  in  the  month  wheel,  through  which  they 
pass  easily  up  and  down ;  the  other  ends  of  them  go  into  the  segment 
B  <By  and  are  screwed  to  it  by  means  of  two  small  screws.  On  one 
of  the  arms  of  the  month  wheel,  is  screwed  a  small  knee'd  sort  of  cock, 
d,  having  a  pin  fixed  in  it,  for  turning  the  day  of  the  month  ring  in 
the  usual  manner. 

For  an  account  of  an  equation  clock  by  Heniy  Ward  of  Blandford, 
See  Tram*  of  the  Socteiyfor  Encouraging  Jlritf  Manufaeturea^  and 
Ckmmurce.  VoL  XXXIL  See  also  Jownal  de  Phyaique^  Porit, 
par  M.  Abbs  Rozier.  Tom.  XXXIL  Pari  UU  for  a  description  of 
a  ck>ck  made   by  Robin  of  Paris  going  apparent  time. 

The  following  is  a  method  that  may  be  proposed  to  shift  a  day 
of  the  month  ring,  or  a  day  of  the  month  wheel,  whose  arbor  canies 
a  hand  that  will  require  no  correcting  except  to  February  in  leap 
years. 

Take  a  wheel  of  73  teeth,  being  die  fifth  part  of  365,  the  number 
of  days  in  a  year ;  if  a  small  star  wheel  of  6  is  put  on  the  artxHr  of 
a  single  threaded  endless  screw,  working  into  the  teeth  of  the  wheel 
of  73,  and  one  of  the  radii  of  the  star  wheel  be  turned  eveiy  24  hours, 
it  is  evident  that  five  days  will  be  required  to  move  one  tooth  of 
the  wheel  of  73.  Let  a  contiate  web  or  rim  be  formed  on  one 
side  of  the  wheel  of  73 ;  to  a  fixed  stud,  apply  a  double  or  jointed 
lever,  one  end  of  which  is  knee'd,  the  nib  resting  on  the  edge  of 
the  Qontrate  rim,  and  occasionally  fSsdling  into  notches  made  in  it 
The  other  end,  which  is  forked,  takes  in  with  a  groove  or  notch, 
turned  on  the  socket  of  a  24  hour  wheel,  which  clockmakers  com- 
mooly  called  the  month  wheel :  on  the  knee'd  end  of  the  lever,  fiiU- 
ing  into  any  of  the  notches,  the  forked  end  will  rise  and  pump  up 
the  month  wheel,  which  will  take  place  at  the  end  of  the  months 
having  30  days ;  die  notch  for  the  end  of  February  is  a  httle  deeper, 
so  as  the  month  wheel  may  be  pumped  a  little  more  up.  In  the 
month  wheel  which  pumps  up  and  down,  there  are  four  pins  placed 
so  as  they  may  pitch  in  with  four  teeth  of  the  month  ring  or  wheeL 
The  pins  are  of  different  heights ;  the  longest  is  that  which  turns  the 
month  ring  in  ordinaiy;  the  next  is  a  little  shorter;  these  two  take 
in  with  the  ring  when  the  month  has  30  days,  and  turn  it  to  the  first 
day  of  the  succeeding  month ;  all  the  four  take  in  with  it  at  the  end 
of  February,  and  turn  it  from  the  28th  to  the  1st  of  March:  the 
last  two  pins  are  of  the  same  height,  and  a  little  shorter  than  the 
shortest  of  the  other  two.  The  chief  thiog  to  be  considered  in  this 
business,  is  the  proportioning   the  distances    of  the  notches   in  die 
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contnte  rim.  There  are  seven  iiHmtfas  in  tbe  year  consiiling  of 
31  dajB  eachy  four  of  30  days  eacht  and  one,  in  common  yean,  of 
98  days*  It  will  be  found,  when  seeking  for  the  proportions,  that  the 
screw  must  make  6.2  turns  for  each  month  of  31  days,  for  those  of  30 
days  6  turns,  and  for  that  of  28  days  6.6  turns.  The  number  of  tuins 
required  for  the  screw  to  make  according  to  the  respective  months, 
being  multq^hed  by  the  number  of  monflis,  will  give  73,  the  number 
of  teeth  in  the  ^eel  having  the  contrate  rim  on  it,  and  which  must 
make  a  revolution  once  in  a  year  or  twelve  months.  The  number  of 
turns  which  the  screw  must  make  in  a  year,  is  shown  by  the  follow- 
ing operation :  6.2x  7  s43.4,  6  X  4  —  24.  and  6.6  x  1  s 6.6.  Now 
4d.4+24+6.6=:73,  the  number  sought  tor*  In  setting  off  frem  the 
beginning  of  Januaiy,  the  nib  of  the  knee'd  piece  will  rest  or  be  on 
the  edge  of  tbe  contrate  rim  until  the  28th  day  of  February ;  the  screw 
in  the  meanwhile  moving  the  wheel  of  73,  will  bring  the  rim  forward 
with  a  notch,  into  which  the  knee'd  piece  falling,  the  opposite  or 
foiked  end  of  the  jointed  lever  then  pumps  up  the  wheel  with  the 
(our  pins,  and  they  then  turn  the  month  ring  from  the  28th  of  Februaiy 
on  to  the  1|^  day  of  March.  One  side  of  the  knee'd  piece  is  beveled, 
so  as  it  may  rise  easily  up  again  on  the  edge  of  the  contrate  rim,  iHiich 
moving  forward,  the  nib  keeps  on  the  same  plane,  until  the  wheel  of 
73  has  turned  so  fiur  on  as  the  30th  day  of  April:  a  notch  at  Ihis 
time  presents  itself,  and  the  knee'd  piece'  drops  into  it ;  on  being  rais- 
ed up,  it  keeps  as  before  on  the  edge  of  the  rim,  until  the  30th  of 
June,  when  another  notch  comes ;  after  which  the  knee'd  piece  will 
be  on  the  rim  until  the  30th  of  September,  and  again  from  that  to 
the  30th  November.  So  that  there  is  only  five  times  in  the  year 
diat  the  knee'd  piece  has*  to  fall  into  the  notches,  idiose  distances  are 
proportioned  according  to  the  number  of  turns  the  screw  has  to  make 
during  the  intervening  number  of  days.  Two  wheels  of  24  houn 
each  are  required,  one  for  turning  the  small  star  wheel,  the  other  a 
pumping  one  for  the  month  ring.  The  double  or  jointed  lever  would 
require  a  spring  to  press  it  not  only  into  the  notches,  but  also  to 
keep  it  steady  on  the  edge  of  the  contrate  rim.  It  may  peifaaps  not 
be  unnecessaiy  to  apply  a  jumper  with  a  slender  spring  to  the  star 
i^ieel,  to  keep  it  in  its  fdace  during  the  time  when  it  is  not  turning, 
which  is  for  the  greater  part  or  the  24  hours.  In  place  of  the  pump- 
ing being  made  by  the  knee'd  piece  falling  into  notches,  the  same 
may  be  obtained  by  raised  pieces,  formed  from  the  edge  of  the  con- 
trate rim,  retaining  planes  for  the  nib  to  hold  on ;  but  this  will  give 
a  contraiy  duration  to  the  pumping,  which  any  judicious  workman 
can  adapt  to  the  plan  of  the  motion  he  sets  about.    Seeing  the  mo- 
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tion  of  the  screw  is  so  slow,  the  execution  wlX  require  to  be  nicely  done* 

80  as  to  make  the  shifting  at  all  times  effectual. 

Another  way  of  shifting  a  day  of  the  month  ring  nghtt  except 
to  February  in  leap  years,  may  be  done  without  the  interven* 
tion  of  an  annual  wheeL  Suppose  the  month  ring  to  be  turned 
by  a  pin  in  the  month  wheel  in  the  usual  way,  when  the  month  has 

81  days,  or  even  when  it  has  80  or  28  days.  But  in  order  to  make 
the  ring,  on  those  months  having  80  and  28  days,  be  turned  to  the 
first  day  of  the  succeeding  month,  the  following,  which  is  to  be  de- 
scribed, has  been  contrived.  A  star  wheel  of  twdve  radii  and  8.7 
inches  in  diameter,  whose  centre  is  4.6  inches  below  that  of  the  dialt 
concentric  with  it  is  a  contrate  rim  or  hoop  2.5  inches  in  diameter, 
and  near  to  .3  of  an  inch  deep.  In  the  month  wheel  are  four  pins, 
equally  distant  from  one  another,  so  as  to  pitch  equally  and  freely 
with  die  teeth  of  the  month  ring.  The  height  of  the  first  pin  is 
about  .3  of  an  inch,  that  of  the  second  about  .2  of  an  inch,  and  die  , 
next  two  .1  of  an  inch,  or  a  very  little  higher.  On  the  back  of  the 
month  ring  are  three  pins,  the  longest  of  which  is  near  .4  of  an  inch 
in  height,  and  placed  near  to  the  space  which  is  opposite  to  the  tooth 
for  the  28th  day ;  that  is  to  say,  on  tbe  left  hand,  when  looking  at 
the  back  of  the  ring,  in  the  middle  between  the  28th  and  29th  tooth, 
the  other  two  pins  are  about  half  of  the  height  of  the  first,  one  of 
which  is  placed  in  the  middle  of  the  breadth  of  the  ring,  and  below 
that  space  which  is  opposite  the  30th  tooth,  the  other  is  placed  with- 
in a  tenth  of  an  inch  to  the  outer  edge  of  the  ring,  and  under  the 
middle  of  the  space  opponte  the  dlst  tooth:  one  begins,  the  other 
terminates  the  motion  of  the  star  wheel  at  all  times.  The  diameter 
of  the  month  ring  is  about  8.6  inches,  the  breadth  .7  of  an  inch,  the 
breadth  including  the  teeth  .86  of  «n  mch :  These  conditions,  how- 
ever, are  not  arbitraiy.  The  lower  edge  of  the  ring  is  below  the 
centre  of  the  dial  3.1  inches.  There  is  a  long  aim  or  double  lever, 
whose  centre  of  motion  Hes  near  to  the  fore-firame  plate,  and  between 
the  centre  of  the  month  wheel  and  that  point,  which  is  a  tangent  to 
the  contrate  rim  on  the  star  wheel,  the  whole  lengdi  being  8.6 
inches.  That  arm  which  comes  to  the  centre  of  the  month  wheel, 
is  foiked  at  the  end,  and  takes  in  witib  a  groove  in  the  month*wfaeel 
socket,  and  by  a  spring,  which  lies  under  it,  the  month  wheel  is  made 
to  pump  up  and  down,  requiring  to  have  a  duck  month  nut,  unless 
the  pin  and  segment,  as  described  to  the  equation  clock,  were  adopt* 
ed.  The  other  arm  of  the  double  lever  has  its  end  bent  into  a 
square  hook  or  knee'd  piece,  whose  nib  rests  always  by  means  of  the 
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fever  0piiiig»  oa  the  edge  or  planes  of  the  contiate  rim,  which  is 
fonned  into  steps  and  noidu$  toUh  a  plain  bottom.  The  steps  are 
required  only  at  the  months  having  dO  days,  and  at  Febniaiy,  hav- 
ing 28  days.  The  nib  of  the  fever  remains  on  the  bottom  or  pfene 
of  the  notches  during  the  whole  of  the  month,  and  the  star  wheel  is 
then  stationary;  its  motion  takes  place  only  at  the  time  of  shilling 
any  of  the  twelve  radii :  when  this  happens  at  the  end  of  the  montha 
having  31  days,  the  nib  then  moves  afeng  the  plane  or  bottom  of  the 
notch.  Above  one  of  the  radii,  that  which  serves  for  the  month  Fe- 
bruaiy,  a  piece  of  brass  is  put,  and  profenged  a  little  beyond  it ;  so 
that  when  the  montl^wheel  pin  comes  to  turn  the  ring  from  the  28th 
day,  at  that  instant,  the  long  pin  on  the  ring  meets  with  this  piece  of 
brass,  and,  canying  it  on,  ottkes  the  fever  nib  to  rise  up  on  one  of 
the  steps,  idiere  it  remains  for  a  while,  and  the  month  wheel  being 
pumped  iq[s  all  the  four  pins  in  it  get  engaged  with  the  teeth  of  the 
month  ring,  and  turn  it  forward  to  the  first  day  of  March ;  and,  just 
about,  or  a  httfe  before  the  termination  of  the  shifting,  the  outeiv 
most  pin  on  the  ring  carries  one  of  the  radii  (that  in  the  line  with 
the  piece  of  brass,)  so  far.  on,  as  to  make  the  nib  to  fall  or  drop  from 
off  the  step  into  the  plane  of  the  succeeding  notch,  where  it  remains 
till  the  next  shifting  of  the  star  wheel.  When  the  month  has  30 
days,  the  pin  in  the  middle  of  the  month-ring's  breadth  is  made,  by 
means  of  the  month-wheel  pin  shifting  the  ring,  to  push  on  one  of 
the  star-wheel  radii ;  and  this  having  a  step  here,  the  nib  rises  up  on 
it,  and  remains  so  long  as  the  ring  is  nearly  shifted  to  the  first  day 
of  the  succeeding  month.  The  pin  on  the  outermost  jrface  on  the  ring 
always  terminates  the  motion  of  the  star  wheel,  and  makes  the  nib 
fidl  when  it  Is^ipeos  to  be  on  a  step,  there  being  no  step  to  meet  it 
when  the  month  consists  of  31  days.  Not  depending  on  very  nice 
execution,  this  is  periiaps  the  simplest  and  easiest  way  of  making  a 
shifting  for  the  daya  of  the  month,  requiring  no  coirecting  except  in 
kap  yean. 

The  foUotomg  are  other  two  Methods  for  this  purpose^  which  we  used 

also  to  put  in  practice. 

In  one  of  diese,  (the  day  of  the  month  is  shown  by  a  hand  firom  the 
centre  of  the  dial,  which  nmkea  two  revdutiona  in  365  days,  and 
points  to  two  sets  of  ctrcfes  of  divisions  near  the  outer  edge  of  the 
diaL  These  divisions  are  made  firaxn  the  number  365  on  the  dividing 
plate,  by  taking  them  alternately,  setting  out  from  the  twelve  o'cfeek 
line  on  the  inner  circles  of  division,  two  366th  parts  will  be  the  first 
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of  January,  and,  continuing  so  on  to  the  last  day  of  June,  will  be 
181  days,  which  wiU  be  short  from  the  line  or  point  set  out  from,  by 
one  division  and  a  half;  so  that  when  the  hand  starts  from  the  30th 
of  June,  to  the  first  of  July,  on  the  outer  circles  of  divisions,  it  will 
then  be  half  a  division  from  the  line  set  out  from  on  beginning  Janu- 
ary; Uie  2d  of  July  will  be  half  a  division  beyond  it;  hence  these 
last  set  of  divisions  will  lie  opposite  the  middle  of  the  spaces  of  those 
divisions  gone  over  in  the  first  six  months :  by  this  means,  the  hand 
shows  always  to  what  day  it  is  pointing,  and  also  to  what  month. 
There  is  a  small  space  between  the  two  sets  of  divisions ;  the  names 
of  the  first  six  months  are  on  the  inside  of  their  circle  of  divisions,  and 
those  of  the  last  six  months  are  on  the  outside  of  theirs ;  the  days  are 
figured  or  numbered  10,  20,  30,  or  31  and  28;  the  intermediate 
fives  are  distinguished  by  the  division  being  prolonged  a  Uttle  out- 
ward on  the  outer  divisions,  and  inward  on  the  inner.  To  induce 
this  motion  for  the  hand,  let  a  24  hour  wheel,  having  a  pin  in  it, 
and  near  to  its  centre,  taking  into  a  ratchet  or  star  wheel  of  25,  with 
a  jumper  and  spring  to  press  it  on  the  ratchet-wheel  teeth;  concen- 
tric with  the  ratchet  wheel  is  a  pinion  of  10,  leading  a  wheel  of  73, 
on  whose  socket  is  the  day  of  the  month  hand,  one  of  the  star  or  rat- 
chet-wheel teeth  being  turned  every  24  hours,  the  jumper  makes  the  hand 
to  start  daily  over  one  of  the  divisions  on  the  circles. 

In  the  other  method,  the  day  of  the  month  is  shown  on  a  movable 
circle,  whose  revolution  is  made  in  365  days.  This  circle  should  be 
as  large  in  diameter  as  the  square  or  circle  of  the  dial,  and  its  breadth 
fully  1.25  inch,  and  made  to  turn  on  rollers  inside,  or  on  the  back  of 
the  dial.  The  inside  edge  of  this  plate  or  ring  circle,  is  cut  into  365 
teeth,  a  pinion  of  8,  on  whose  arbor  is  a  star  wheel^of  eight  radii,  on 
which  a  jumper  with  a  smart  spring  works ;  one  of  the  radii  of  the 
star  wheel,  being  turned  daily  by  the  month  wheel,  carries  the  circle 
on,  by  means  of  the  jumper  and  spring,  one  365th  part  of  its  revolu- 
tion. On  the  annual  circle  are  365  divisions  between  circles,  with 
the  names  of  the  months,  numbered  and  figured  much  in  the  same 
way  as  in  the  former  case ;  a  small  index,  made  from  the  opening  in 
the  dial,  points  to  the  divisions  or  days  of  the  month ;  the  pinion  of 
8  has  one  of  its  pivots  run  into  the  fore-firame  plate ;  the  pinion  head 
pivot  runs  in  the  dial,  so  as  to  pitch  the  pinion  with  the  teeth  inside 
of  the  circle.  The  opening  in  the  dial  may  be  one  fifth  or  sixth 
part  of  the  circumference  of  the  circle,  in  order  to  show  the  months 
coming  on  and  going  ofE  If  die  plate  circle  was  made  somewhat 
broader,  the  sun's  equation  and  declination  might  be  bud  down  on  it. 
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There  ie  no   occasion  to  describe  the  common  month-ring  woric,  as 

it  18  well  known  to  evety  clock  maker. 

* 

Limmr  Motion  Work. 

For  a  hmation  consisting  of  29  dajs  and  a  half,  let  a  t^etre-hour 
wheel,  with  a  pb  near  its  centre,  turn  a  toibth  of  a  ratchet  wheel  of 
59,  having  on  its  arik>r  a  hand  pointing  to  a  circle  divided  into  29j- 
fbr  dajB,  in  which  time  the  hand  wiD  make  one  revolution,  and,  in  the 
interim,  it  shows  the  age  of  the  moon.  This,  though  not  giving 
a  lunalion  completely,  is  more  commonly  d<me  by  a  large  plate  wheel 
having  118  ratchet  teeth  cut  on  its  edge,  and  placed  concentric  with 
the  circle  of  the  arch  of  a  clock  dial ;  at  which  centre  there  is  .a 
stud,  on  this  the  plate-wheel  socket  turns,  one  of  the  ratchet  teedi  be* 
ing  tamed  «vefy  twelve  hours  by  tiie  pin  in  the  twelve-hour  wheeL  Near 
to  the  edge  of  the  plate  wheel,  is  a  circular  space  divided  into  twice 
S^  for  die  days  of  thb  moon^s  age ;  within  the  space  are  two  full 
flukes  opposite  one  another,  representing  the  moon,  and  coinciding  nearly 
wMi  the  tifteenfli  divisions ;  a  smaU  index  fixed  at  the  top  of  the 
areh,  pointing  to  the  circle  of  divisions,  shows  the  day  of  the  moon's 

On  the  line  fonning  the  upper  side  or  square  of  the  dial,  cc»ncid- 
ing  with  that  of  the  diameter  of  the  semi-circular  opening  in  the  arch 
of  the  dial,  two  semi-circular  parts  are  formed  from  and  above  the 
line,  whose  diameters  are  equal  to  the  moon  faces,  and  as  these,  by 
the  revolving  of  Ae  moon  plate,  gradually  emerge  from  or  get  be- 
hind the  semi-circular  parts,  making  die  phases  of  the  moon  to  be 
shown.  It  is  usual  to  paint  the  ground  of  the  moon  plate  a  sky-blue, 
with  a  few  stars  ora  gold  or  yellow  color  on  it 
.  A  lunation  of  29  days,  12  houis,  46  minutes,  which  is  perhaps  near 
enough  (oir  common  ordinary  purposes,  may  be  given  by  a  twelve-hour 
wheel,  having,  concentric  with  it,  a  lantern  innion  of  4  ]ea<Ung  a  wheel 
of  45,  on  the  axis  of  which  is  a  pinion  of  12  leading  the  moon  plate« 
having  126  tOQth  cut  on  its  edge.  The  pinion  of  12  is  keyed  by 
means  of  its  socket  spring-tigfat  on  the  wheel  of  45,  for  the  eonveni* 
ency  of  setting  occasionally  the  mood  to  the  proper  day  of  its  age. 
The  moon  i^te,  with  the  opening  in  the  arch,  may  be  the  same  as 
before  ^escribed,  to  show  the  age  and  phases. 

Shoul<|  greater  accuracy,  and  a  nearer  approximation  to  a  mean  lu- 
pation  be  required,  seeing  it  consists  of  29  d.  12  h.  44  m*  2  s*  8283 
dec,  we  refer  to  pages  B6t  67,  68,  69,  for  the  solution  of  a  prohfem 
bj  Canmsi  to  Am)  the  numbeni  of  wheel  teeth  and  pinion  leaves  that 
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shall  give  a  true  iuoantioxi.    And  to  pages  70,  71,  and  73,  for  a  Iti- 
nation  work  by  Mudge,  that  gires  the  time  of  a  lunatioD  eztmnnly 
near;  and  also  (b  pages  66  and  57,  for  the  mode  adopted  hj  JmvUr 
in  his  Sphere  Momante,  to  find  numbers  fertile  wheels  and  pinkwi  so  as 
to  get  a  lunation  for  it,  which  by   him  is  said   to  conrist  of  99  d. 
12  h.  44  m.  2s.62.Htth,  assuming  a  true  lunation  to  be  89  d.  12  h. 
44  m.  2  8.  8283,  and  tumfaig  it  into  days  and  decimals  of  a  day,  we 
have  29.6306882905,  &c.  &;c ;  but  as  this  number  is  great,  and  not 
very  easily  broken  down  into  proper  ftdors,  let  us   take  only  as  fiur 
as  six  of  the  decimal  figures,  and  let  it  tenninato   at  4  instead  of  8^ 
which  will  give  the  lunation  a  very  little  in  defect,  and  let  us  suppose 
a  mover  of  24   hours,  we  shaU  then  have  the  finetion  iS?Wrftfi« 
iWiW^  ^^^^^  ^^  ^  eleven  following  quotienta,  viz.  29, 1, 1, 7, 1, 
2, 14, 1,  It  34,  and  from  them  fonning  altaniato  ratios  in  the  man- 
ner which  has  formeriy  been  shown:  this  done,  if  we  take  the  sevenA 
ratio  siHT^  ^^e  shall  obtain  twopinions  of  19  and  87,  and  two  idieels 
of  120  and  178,  which  form  a  24  hour  mover,  will  give  a  lunation 
of  29  d.  12  h.  44  m.  2  s.  38975,  which  is  only  short  of  the  true  ki- 
nation  ftWWr  of  a  second,— an  error  so  small,  at  it  would  requiie 
above  67  days  to  amount  to  a  second,  and  more  than  11  years  before  it 
amounted  to  one  minute. 


Oil  Tkuj  and  the  EquaUan  of  Time. 

A  table  of  the  equation  of  time  becomes  absolutely  necessary  for 
the  practical  artist  when  regulating  his  clock,  whether  he  takes  die 
sun's  time  from  a  sun-dial,  a  meridian  line,  or  from  a  transit  in- 
strument Time  has  always  been  measured  and  'defined  by  the  mo- 
tions of  the  heavenly  bodies,  and  particularly  by  the  motion  of  the 
sun,  as  being  the  most  regular  in  his  appareni  revolutions.  An 
apparent  day,  however,  or  the  interval  between  two  successive  tran^- 
sits  of  the  sun's  centre  over  the  same  meridian,  is  subject  to  continu- 
al variation,  owing  to  the  eccentrici^  of  the  earth's  orbit,  and  obli- 
quity of  the  ecliptic  to  the  plane  of  the  equator.  These  variations 
are  inserted  in  a  table,  which  is  called  a  Table  of  the  Equation  of 
Time.  The  obliquity  of  the  ecliptic  is  the  angle  made  by  the  in- 
tersection of  the  equinoctial  and  ecliptic,  or  earth's  oibit  At  the  be- 
ginning of  the  year  1816,  this  angle  was  23^  27'  46^'  ;4,  and  which  has 
been  found  to  decrease  about  half  a  second  annuaHy,  and  at  the  end 
of  the  year  1826,  it  is  23<>  27^1^'  .2.  A  mean  day  is  the  interval 
that  would  be  observed  between  two  successive  transiti  of  the  sun's 
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ceDire  ater  die  iBme  meridiam  if  the  •arth's  otbiH  was  droubur,  and  die 
■tti  alwajs  m  the  equmoctiaL  Thus,  the  intenrab  betwixt  the  tran- 
dla  wouU  be  all  equal,  such  aa  are  ahown  by  an  equal  going  clock, 
Aitf  oounta  24  houn  in  a  day,  and  366  days,  6  hours,  48  minntAa^ 
4B  eaoondi  in  a  year.  A  clock  or  watch  thua  aet,  ia  aaid  to  be  adjust- 
ed lo  mean  time* 

The  prindpal  dimiooa  of  time,  are  &e  year  and  ^  day,  which 
an  maaaured  by  the  apparent  annual  and  diurnal  levohitiooa  of  die 
flun.  The  day  or  the  time  wUch  the  sun  qipeaia  to  go  round  the 
oaith,  is  divided  by  docks  and  watches  into  hwira,  mlimt^^  and  se- 
conds. The  length  of  a  tropical  year,  or  the  time  the  sun  is  in  go- 
iog  from  any  point  of  the  ecliptic  to  the  same  again,  contains  365 
days,  6  hours,  ^48  minutes,  48  seconds.  And  the  siderial  year,  or 
the  time  whkik  intervenes  betwixt  the  conjunctioD  of  the  sun,  and 
any  fixed  star,  to  Us  next  conjunction  with  the  same  star,  contains 
366  days,  6  hours,  9  minutws,  11.6  seconds.  The  difference  be- 
twixt the  tropical  and  aideiial  year  ia  occasioned  by  what  is  called 
the  piecoBsion  of  tike  equinoxes,  which  is  the  ftlling  back  of  the  equi- 
MHStial  points  every  year  6(H  aeconda  of  a  degree,  or  one  degree  in 
73  years ;  so  that  in  about  2160  years,  these  points  change  a  whole 
sign  in  die  zodiac 

Time  is  distinguished  according  to  the  manner  of  measuring  the 
day,  into  apparmU^  meofi,  and  mdmaL  Apparent  time,  also  caUed 
fme  fofar  and  JMtommieal  linie,  is  derived  from  the  observations 
of  the  sun.  Mean,  or  mean  solar  time,  also  called  tqmaJUd  fo'me,  is 
a  mean  or  average  of  apparent  time,  which  is  not  always  equaL  Si- 
derial time  is  shown  by  the  diurnal  revolution  of  the  stars. 

Mean  time  is -deduced  from  apparent,  by  adding  or  subtracting 
the  equation,  as  directed  in  the  tables.  A  siderial  day  is  the  inter- 
vd  between  two  successive  transits  of  a  star  over  the  same  meridian, 
whidi  intervd  is  dways  uniform;  for  all  the  fixed  stars  make  their 
revdufions  in  equd  times,  owing  to  their  immense  distance,  and  to 
die  uniformity  of  the  earth's  diumd  rotation  about  its  axis.  The  si- 
derid  day  is  shorter  than  the  meat*  iolar  day^  by  3  minutes,  66 
seconds  nearly.  This  difference  arises  from  the  sun's  apparent  an- 
nud  motion  fi!om  west  to  east,  which  leaves  the  star  as  it  were  be- 
hind. Thus,  if  the  sun  and  a  star  be  observed  on  any  day,  to  pass 
the  meridian  at.  die  same  instant,  the  next  day,  when  the  star  returns 
to  the  meridian,  the  sun  will  have  advanced  nearly  a  degree  easter- 
ly :  and  as  the  earth's  diumd  rotation  on  its  axis  is  fit)m  west  to  east, 
die  star  will  come  to  the  meridian  before  the  sun,  and  in  the  course  of  a 
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year  the  star  will  have  ij^uned  a  day  on  the  sun ;  that  isi  it  will  have 
passed  the  meridian  366  times^  while  the  sun  will  have  passed  it  only 
365  times.  Now,  as  the  sun  appears  to  perform  his  revolution  of 
360^  in  a  year,  or  365  days,  5  hours,  48  minutes,  48  seconds,  he 
will  descfibe  59^  8^^  »3  of  the  ediptic  in  a  day,  at  a  mean  rate ;  and 
this  space,  reduced  to  time,  is  nearly  equal  to  3  minutes,  66  seconds, 
the  excess  of  a  mean  solar  day  above  a  siderial  day.  Hence  it  ap- 
pears, that  the  earth  revolves  59^  S^'  .3  more  than  once  round  its  axia* 
or  360^  59^  8^^  .3  in  a  mean  solar  day,  and  a  complete  revolution,  or 
360 <^  in  a  siderial  day;   therefore,  the  length  of  a  siderial  day,  in 

mean  solar  time,  may  be  found  by  this  proportion,  as  360^  69^  8^^  .3 

h*       h«    nu    8» 
:  360  :  :  24  :  23    56  4.1,  the  length  of  a  siderial  day  in  mean  solar 

time,  or  the  interval  between  two  successive  transits  of  a  star  over 

the  same  meridian. 

From  the  above  proportion  results  the  following  general  nde^  for 

h.     h.    m.      8. 
converting  siderial  mean  time,   and  vice  vena ;  as  24  :  23  56  4.  1 : : 

any  portion  of  siderial  time,  to  its  equivalent  in  mean  time ;  and  aa 
h.    in.    8. 

23  56  4.1  :  24  :  :  any  portion  of  mean  time  to  its  equivalent  in  si- 
derial time.  For  eonu  neat  FartmUa  in  this  toayf  see  KeUeifa 
Spherics^  page  208,  Ed.  4th. 

The  equation  of  time,  or  the  difference  between  mean  and  appa- 
rent time,  as  already  mentioned,  arises  from  two  causes,  namely  the 
obliquity  of  the  ecliptic,  and  the  eccentricity  of  the  earth's  orbit* 
The  greatest  part  o(  the  equation  arises  from  the  former  of  these 
causes,  and  is  found,  by  converting  the  difference  between  the  sun's 
longitude  and  his  right  ascension, .  as  set  down  in  the  Nautical  Al- 
manack, into  time.  That  part  which  arises  from  the  latter  of  these 
causes,  is  obtained  by  converting  what  is  called  the  equation  of  the 
centre  into  time.  These  two  parts  being  added  to,  or  subtracted 
from  each  other,  according  as  they  have  like  or  unlike  signs,  from 
the  absolute  equation.  By  the  equation  of  the  centre  is  meant  the 
difference  between  the  sun's  true  and  mean  anonuUy;  these  never 
being  the  same  but  when  he  is  in  perigee  or  apogee.  See  Ms  mdh 
jeci  more  at  large  in  LaJUmdei?  Jhtronomy^  or  any  of  the  works  on 
physical  and  practical  Astronomy. 

Mean  and  apparent  time,  or  the  time  shown  by  an  equal  going  clock, 
and  a  true  sun-dial,  are  never  the  same,  except  on  four  days  of  the 
year,  and  these  are  the  15th  April,  the  15th  June,  the  1st  Septem- 
ber, and  the  24th  December.  From  the  24th  December  to  the  15th 
April,  the  clock  will  be  beforothe  sun;  from  the  15th  April  to  15th 
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Janey  the  sim  will  be  before  the  dock ;  hvm  die  Idfli  Joae  to  let  8ep- 
teinber»  the  clock  will  again  be  before  the  aim  ;  and  from  the  lat  Septem- 
ber to  the  24th  December,  the  sun  will  again  be  before  the  clock,  and  so 
on  in  the  same  order.  See  the  following  tables ;  or  the  equation  in  the 
Nautical  Almanack  with  die  dailj  differences,  which  are  for  noon  at  the 
Rojal  Obserratoiy  at  Greenwich.  These  differences  are  convenient 
when  using  the  equation  at  any  (dace  distant  from  die  meridian  of  GreeiH 
wich.  For  example,  the  equation  being  wanted  at  Kingston,  Jamaica, 
for  the  6th  December,  1821,  which  at  Greenwich,  for  the  noon  of  that 
daj,  is  8  minutes,  42.6  seconds,  and  the  daily  diflbrence  is  26*8  seconds ; 
Kbgston  is  6  hours,  7  minutes,  and  2  seconds,  in  time  west  of  Gree«- 

h.  B.  h.  IIL  8.  8. 

wich :  Then  say  as  24  :  25.8  :  :  6  7  2  :  6.6,  which  is  subtractive 
from  the  equation,  as  it  is  on  the  decrease ;  this  6.6  seconds,  then  sub- 
tmcted  from  8  minutes,  42.5  seconds,  the  equation  at  Greenwich,  gives 
8  minutes,  37  seconds,  the  equation  at  Kingston,  and  the  equated  time 
for  that  day  there,  will  be  11  hours,  61  minutes,  23  seconds.  From 
what  has  been  done,  the  process  is  obvious  when  the  longitude  is  east 
A  good  deal  of  the  foregoing  on  the  equation  of  time,  is  from  Carey's 
Elements  of  Astronomy,  &c.  and  we  shall  take  the  same  liberty  with 
Mylne's  Elementary  Treatise  on  Astronomy,  by  copying  from  it  the  two 
following  excellent  tables. 
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TABL£8  OF  THE  EQUATION  OF  TIME. 


lfl»  JkriaDg  from  the  Obliquity  of  the  Ecliptic. 

Dial  Faster. 

Dial  Slower. 

Dial  Faster. 

Dial  Slower. 

m.  1* 

Bl.  s. 

m.  8. 

SD.  B. 

Mar.  31.  0  00 

June  21.  0  00 

Sept  23.  0  00 

Dec.  21.  0  00 

26.  1  29 

26.  1  48 

28.  1  39 

26.  1  48 

30.  3  16 

JvAy    1.  3  32 

Oct    3.  3  16 

31.  3  32 

April   4.  4  46 

7.  6  08 

8.  4  46 

Jan.    6.  6  08 

9.  6  09 

12.  6  36 

13.  6  09 

10.  6  36 

14.  7  22 

17.  7  48 

18.  7  22 

16.  7  48 

19.  8  23 

22.  8  46 

23.  8  23 

20.  8  46 

24.  9  09 

28.  9  26 

28.  9  09 

26.  9  26 

30.  9  40 

Aug.    2.  9  49 

Nov.    2.  9  40 

29.  9  49 

May   6.  9  63 

7.  9  68 

7.  9  63 

Feb.    3.  9  63 

10.  9  49 

12.  9  40 

12.  9  49 

8.  9  40 

16.  9  26 

17.  9  09 

17.  9  26 

13.  9  09 

20.  8  46 

22.  8  46 

22.  8  46 

18.  8  23 

26.  7  48 

28.  7  22 

27.  7  48 

23.  7  22 

31.  6  36 

Sept    2.  6  09 

Dec    2.  6  36 

28.  6  09 

June   6.  6  08 

7.  4  46 

7.  6  08 

Mar.    6.  4  46 

10.  3  32 

12.  3  16 

12.  3  32 

10.  3  16 

16.  1  48 

17.  1  39 

17.  1  48 

16.  1  39 
20.  0  00 

2d,  Ann 

ing  from  the  Inequality  of  the  Sun's  Motion. 

* 

Dial  fiurter  than  Clock. 

Dial  slower  than  Clock. 

m.  a. 

ID.  •• 

m.  B. 

m.  B. 

July    1.  0  00 

Oct    3.  7  43 

Dec.  31.  0  00 

Mar.  30.  7  43 

7.  0  40 

8.  7  42 

Jan.    6.  0  41 

April   4.  7  40 

12.  1  19 

13.  7  37 

10.  1  22 

9.  7  34 

17.  1  67 

18.  7  29 

16.  2.  02 

14.  7  24 

22.  2  36 

23.  7  18 

20.  2  41 

19.  7  12 

28.  3  12 

2a  7  03 

26.  3  19 

24.  6  66 

Aug.    2.  3  47 

Nov.    2.  6  46 

29.  3  66 

30.  6  36 

7.  4  21 

7.  6  24 

Feb.    3.  4  30 

May  6.  6  14 

12.  4  62 

12.  6  39 

8.  6  02 

10.  6  60 

17.  6  22 

17.  6  32 

13.  6  32 

16.  6  22 

22.  6  60 

22.  6  02 

18.  6  39 

20.  4  62 

28.  6  14 

27.  4  30 

23.  6  24 

26.  4  21 

Sqpt    2.  6  36 

Dec    2.  3  66 

28.  6  46 

31.  3  47 

7.  6  66 

7.  3  19 

Mar.    6.  7  03 

June   6.  3  12 

12.  7  12 

12.  2  41 

10.  7  18 

10.  2  36 

17.  7  24 

17.  2  02 

16.  7  29 

16.  1  67 

23.  7  34 

21.  1  22 

20.  7  37 

21.  1  19 

2a  7  40 

26.  0  41 

26.  7  42 

26.  0  40 

EaUATIOll  or  TIVB.  SlO 

By  comparing  the  two  tables^  it  wiD  i4>pear  thai  tiie  diflhrenoe  between 
the  clock  and  the  dial  is  produced  aometimea  by  one  of  the  cauaea  above 
mentioned  only,  but  more  commonly  by  both ;  diat  the  effect  of  tfie  one 
is  often  counteibalancad  by  the  other ;  and  that  the  action  of  both  cauaea 
is  sometimes  combined.  For  example,  the  equation  of  time  from  the 
first  cause,  viz.  the  obliquity  of  the  ecKptie,  is  on  the  81st  March,  0  mi»> 
utes,  0  seconds ;  but  from  the  second  cause,  viz.  the  unequal  motion  of 
the  sun,  is  7  minutes  87  seconds.  On  the  5th  May,  the  dial,  by  the  first 
cause,  is  faster  than  the  clock  9  minufcea  53  seconds,^  and  alower  by  the 
second  cause,  6  minutes  14  seconds ;  therefore  the  diflerenoe  between 
them  is  the  true  equation,  viz.  3  minutes  39  seconds*  On  ttie  Id  of 
November,  the  dial  from  the  first  cause  is  9  minutes  40  seconds  faster 
than  the  clock,  and  by  the  second  cause,  6  miimtea  45  seconds  alao  fas^ 
er ;  consequently  the  sums,  when  added,  will  give  the  true  equatioii»  viz» 
16  minutes  25  seconds.  By  combining  in  this  wsy  the  two  parts  of  die 
equation,  subtracting  them  when  the  dial  is  slower  from  the  one  canae, 
and  faster  from  the  other,  and  adding  them  when  the  dud  is  faster  or  slow- 
er fiom  both  causes,  the  true  equation  may  be  found  for  any  day  in  the 
year,  and  in  the  foregoing  tablea  for  every  fifUi  day  of  the  year.  But  in 
order  to  save  the  time  of  the  practical  artist,  we  shall  subjoin  an  extended 
equation  table .  for  every  day  in  the  year,  calculated  for  the  seccmd  year 
after  le^»  yeii^. 

The  foOowing  Tablea  give  file  time  that  a  well-regulated  clock  or  watoh 
should  be  at,  for  every  day  of  the  year,  when  the  sun's  centre  is  on  the 
meridian ;  and  in  [dace  of  a  common  equation  Table,  these  give  what 
may  be  called  EquaUd  Time,  and  will  serve  for  ordinary  poipoaea, 
through  the  greater  part  of  the  nineteenth  century.  Thoae  whotakeinfiia 
Nautical  Almanack  will  have  no  need  of  them* 
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TABLE  OF  MEAN  TIME  AT  TRUE  NOON. 


Days. 

JANUARY. 

FEBRUARY. 

MARCH. 

APRTf^ 

H, 

Ju,      S, 

• 

H. 

M.    8, 

H, 

Jtf.  s. 

H, 

Jir.  s.   1 

1 

0 

3  49.3 

0 

13  67.3 

0 

12  43.3 

0  4   4.9 

2 

0 

4  17.6 

0 

14  6.1 

0 

12  31.1 

0  3  16.7 

3 

0 

4  46.7 

0 

14  12.0 

0 

12  18.6 

0  3  28.6 

4 

0 

6  13.6 

0 

14  18.1 

0 

12  6.7 

0 

3  10.6 

5 

0 

6  40.9 

0 

14  23.6 

0 

11  62.3 

0 

2  62.8 

6 

0 

6  7.7 

0 

14  28.0 

0 

11  38.4 

0 

2  36.2 

7 

0 

6  34.1 

0 

14  31.7 

0 

11  24.1 

0 

2  17.8 

8 

0 

7  0.0 

0 

14  34.6 

0 

11  9.3 

0 

2  0.6 

9 

0 

7  26.4 

0 

14  36.6 

0 

10  64.2 

0 

1  43.6 

10 

0 

7  60.1 

0 

14  37.7 

0 

10  38.7 

0 

1  26.8 

11 

0 

8  14.3 

0 

14  38.1 

0 

10  22.8 

0 

1  10.3 

13 

0 

8  37.9 

0 

14  37.9 

0 

10  6.6 

0 

0  64.1 

13 

0 

9  0.9 

0 

14  36.8 

0 

9  60.1 

0 

0  38.1 

14 

0 

9  23.3 

0 

14  34.9 

0 

9  33.3 

0 

0  22.4 

16 

0 

9  44.9 

0 

14  32.1 

0 

9  16.3 

0 

0  7.1 

16 

0 

10  6.8 

0 

14  28.7 

0 

8  60.9 

69  62.1 

17 

0 

10  26.0 

0 

14  24.4 

0 

8  41.3 

69  37.4 

18 

0 

10  46.6 

Q  14  19.6 

0 

8  23.6 

69  23.0 

19 

0 

11  4.3 

0 

14  14.1 

0 

8  6.6 

69  9.1 

20 

0 

11  22.4 

0 

14  7.8 

0 

7  47.8 

68  66.6 

21 

0 

11  39.7 

0 

14  0.7 

0 

7  29.0 

68  42.6 

22 

0 

11  66.2 

0 

13  63.1 

0 

7  10.6 

68  29.8 

23 

0 

12  1L9 

0 

13  44.9 

0 

6  62.1 

68  17.5 

24 

0 

12  26.7 

0 

13  36.0 

0 

6  33.6 

68  6.7 

25 

0 

12  60.7 

0 

13  26.7 

0 

6  14.8 

67  64.4 

26 

0 

12  64.0 

0 

13  16.1 

0 

6  66.1 

67  43.7 

27 

0 

13  6.6 

0 

13  6.2 

0 

6  37.4 

57  33.6 

28 

0 

13  18.3 

0 

12  66.0 

0 

6  18.7 

67  24.0 

29 

0  13  29.3 

0 

6  0.1 

67  14.6 

30 

0 

13  39.4 

0 

4  41.6 

67  6.8 

31 

0 

13  48.8 

0 

4  23.2 

8S1 


**rABLE  OF  MEAN  TIME  AT  TRUE  NOON. 


Days. 

MAY. 

JUNE. 

JULY. 

AUGUST. 

Hm     Mm        8, 

H.  M.    8. 

H. 

M.    8. 

H.  . 

M.     8. 

1 

11  66  67.7 

67  19.9 

0 

3  16.6 

0 

6  68.7 

2 

11  66  60.2 

67  28.9 

0 

8  28.2 

0 

6  66.3 

3 

11  66  43.2 

67  38.3 

0 

3  39.7 

0 

6  61.3 

4 

11  66  36.7 

67  48.1 

0 

8  60.9 

0 

6  46.7 

6 

11  66  30.7 

11 

67  68.2 

0 

4  1.8 

^  0 

6  41.6 

6 

11  66  26.4 

68  8.6 

0 

4  12.3 

0 

6  36.7 

7 

11  66  20.6 

68  19.4 

0 

4  22.6 

0 

6  29.8 

8 

11  66  16.6 

68  30.6 

0 

4  32.3 

0 

6  22.8 

9 

11  66  12.8 

68  42.0 

0 

4  41.7 

•   0 

6  14.7 

10 

11  66  9.7 

68  63.6 

0 

4  60.7 

0 

6  6.4 

11 

11  66  7.2 

69  6.6 

0 

4  69.2 

0 

4  67.6 

12 

11  66  6.2 

69  17.6 

0 

6  7.2 

0 

4  48.1 

13 

11  66  3.9 

69  29.7 

0 

6  14.8 

0 

4  38.1 

14 

11  66  2.9 

69  42.0 

0 

6  22.0 

0 

4  27.6 

16 

11  66  2.8 

11  69  64.4 

0 

6  28.6 

0 

4  6.4 

16 

11  66  2.9 

0 

0  7.0 

0 

6  34.6 

0 

4  4.8 

17 

11  66  3.8 

0 

0  19.7 

0 

6  40.1 

0 

3  62.6 

18 

11  66  6.1 

0 

0  32.4 

0 

6  46.2 

0 

3  39.9 

19 

11  66  7.0 

0 

0  46.2 

0 

6  49.8 

0 

3  26.8 

20 

11  66  9.4 

0 

0  68.0 

0 

6  63.8 

0 

3  13.1 

21 

11  66  12.4 

0 

1  10.9 

0 

6  67.3 

0 

2  69.0 

22 

11  66  16.0 

0 

1  23.8 

0 

6  0.2 

0 

2  44.6 

23 

11  66  20.0 

0 

1  36.6 

0 

6  2.6 

0 

2  29.6 

24 

11  66  24.6 

0 

1  49.4 

0 

6  4.6 

0 

2  14.0 

26 

11  66  29.8 

0 

2  2.2 

0 

6  6.8 

0 

1  68.2 

26 

11  66  36.6 

0 

2  16.0 

0 

6  6.6 

0 

1  42.0 

27 

11  66  41.7 

0 

2  27.7 

0 

6  6.6 

0 

1  26.4 

28 

11  66  48.2 

0 

2  40.2 

0 

6  6.2 

0 

1  8.6 

29 

11  66  66.6 

0 

2  62.6 

0 

6  6.8 

0 

0  61.2 

80 

11  67  3.2 

0 

3  4.6 

0 

6  3.6 

0 

0  33.4 

31 

11  67  11.3 

0 

6  1.6 

0 

0  16.3 

41 
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TABLE  OF  MEAN  TIME  AT  TRUE  NOON?* 


S£PT£MB£IL 

OCTOBER. 

NOVEMBER. 

DECEMBER. 

Daji. 

H. 

M.  a. 

H»    «m*  o* 

H. 

Jir.  8. 

H. 

M.    S. 

1 

69  67.1 

11  49  47.4 

43  46.1 

11  49  10.3 

2 

69  38.6 

11  49  2a6 

43  44.1 

49  33.2 

8 

69  19.7 

11  49  9.9 

43  43.8 

11  49  66.7  1 

4 

69  0.6 

11  48  61.6 

43  44.3 

60  20.8 

5 

68  41.0 

11  48  33.7 

43  46.6 

60  46.6 

6 

68  21.3 

11  48  16.0 

43  47.7 

61  10.6 

7 

68  1.4 

11  47  68.7 

43  60.6 

61  36.2 

8 

67  41.3 

11  47  41.9 

43  64.3 

62  2.4 

9 

67*  20.9 

11  47  26.6 

43  6a9 

62  29.1 

10 

67  0.3 

11  47  9.4 

44  4.4 

62  66.2 

11 

66  39.6 

11  46  63.8 

44  10.7 

63  23.6 

12 

66  18.8 

11  46  38.6 

44  17.8 

63  61.4 

13 

66  67.8 

11  46  23.9 

44  26.7 

64  19.6 

14 

66  36.8 

11  46  9.7 

44  34.6 

64  48.1 

16 

66  16.7 

11  46  66.2 

44  44.1 

66  17.0 

16 

64  64.6 

11  46  43.2 

44  64.6 

66  46.1 

17 

64  33.3 

11  46  30.7 

46  6.0 

66  16.4 

18 

64  12.2 

11  46  18.8 

46  18.2 

11  66  44.9  1 

19 

63  61.1 

11  46  7.6 

46  31.3 

67  14.7 

20 

63  30.0 

11  44  66.9 

46  46.2 

67  44.7 

21 

63  9.0 

11  44  47.0 

46  69.9 

11  68  14.7 

22 

62  48.1 

11  44  37.7 

46  16.6 

68  44.8 

23 

62  27.3 

11  44  29.2 

46  31.9 

69  14.9 

24 

62  6.7 

11  44  21.4 

46  49.1 

11  69  46.0  1 

26 

61  46.2 

11  44  14.3 

47  7.1 

0 

0  16.1 

26 

61  26.8 

11  44  7.8 

47  26.8 

0 

0  46.2 

27 

61  .6.6 

11  44  2.0 

47  46.2 

a 

1  16.1 

28 

60  46.7 

11  43  67.0 

48  6.4 

0 

1  44.8 

29 

60  26.0 

11  43  62.8 

48  26.3 

0 

2  14.3 

30 

60  6.6 

11  43  49.4 

48  48.0 

0 

2  43.7 

31 
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The  stars  wiU  accelerate  3  minutes,  66.9  seconds,  eveiy  24  hours» 
ma  a  clock  keeping  mean  solar  time ;  if  a  dock  is  made  to  keep  side- 
lial  time,  it  wiU  give  the  time  marked  in  the  Tables,  according  to 
the  number  of  days.  The  sun's  right  ascension,  as  given  in  the  NaiP> 
tical  Almanack,  is  the  sideral  time  when  the  sun's  centre  is  on  the  me- 
ridian. For  example,  on  the  21st  of  March,  1826,  a  clock  keq»ing 
sideral  time  should  be  set  0  hours,  2  minutes,  13.6  seconds,  at  the 
instant  of  the  sun's  centre  being  on  the  meridian. 
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Haying  mentioned  to  our  ingenious  friends  Mr.  Scott,  Hmt  he 
might  take  time^  (though  not  veij  nicely)  by  fixing  in  any  window 
shutter  having  a  south  exposure,  a  piece  of  brass  with  a  small  hole 
in  it,  to  allow  the  qjn's  rays  to  come  in  to  a  dark  room  against  a  plum« 
met  line  whose  shadow  would  be  seen  021  the  opposite  side  of  the 
iDom;  by  perseverance,  he  brought  it  by  degrees  to  a  very  great 
mcety.  We  have  known  him  take  a  transit  of  the  sun  by  it  to  half  a 
second — ^that  is  to  say,  there  was  only  half  a  second  of  difierence 
betwe^i  the  time  taken  by  the  sun's  semi*diametor,  in  passing  from 
die  first  limb  to  the  suq's  centre,  and  fix>m  the  centre  to  the  last 
liffib.  This  must  be  allowed  to  be  a  great  degree  of  precision.  It 
is  well  known,  that  by  any  common  meridian  line,  or  sun-dial,  that 
time  canxiot  be  taken  nearer  than  to  8  or  10  seconds,  if  even  so 
near.  We  shall  give  in  his  own  words  how  the  apparatus  for  this 
puiposeis  constructed. 

Directions  for  fitting  vp  a    Substitute  for  a  Tranni  Instrument* 

*'  Having  obtained,  ky  some  of  the  means  usually  resorted  to,  a 
correct  meridian  line;  for  which  purpose  there  should  be  fixed  in 
a  temporary  yet  steady  manner,  and  perfectly  level,  a  piece  of 
very  fiat  and  even  deal-aboard  about  three  feet  long,  in  the  window 
recess,  and  as  near  as  may  be  in  the  line  of  that  part  of  it  ^here  the  in- 
strument is  intended  to  be  erected :  on  this  let  the  meridian  line  be 
carefully  laid  down. 

^  The  next  thing  to  provide  is  a  piece  of  good  steel*wire,  about  3.6 
inches  long  and  .26  of  an  inch  in  diameter ;  one  end  of  which  should 
be  forged  either  into  a  square  adapted  to  a  key,  or  else  into  a  flat 
plate,  that  it  may  be  turned  by  the  finger  and  thumb.  A  very  fine 
and  equal  screw  is  then  to  be  formed  upon  the  wire,  afler  which,  let 
it  be  put  mto  a  lathe,  and  about  .4  of  an  inch  of  its  point  (or  other 
end,)  turned  down  into  a  cylinder,  about  .2  of  an  inch  diameter ;  in  the 
middle  length  of  which  let  there  be  hollowed  out  a  small  grooveabout  .02  of 
an  inch  in  diameter,  and  about  the  same  depth ;  this  groove  should  be  very 
well  cleaned  out  and  polished,  as  on  it  the  plummet  afler  described  is  hung. 

^  The  next  thing  to  procure,  is  a  stout  brass  stud  with  a  sole,  either 
firmly  riveted  on  or  cast  in  the  solid;  this  stud  should  be  at  least  1.6 
inch  high  above  the  sole,  and  .76  of  an  inch  in  breadth  and  thickness ; 
it  is  then  to  be  drilled  at  an  equal  distance  from  the  top  and  sides, 
and  carefully  tai^>ed  so  as  accurately  to  fit  the  screw  on  the  steel- 
wire:  four  holes  for  screw  nails  being  now  made  in  the  sole,  and  the 
steel-wire  screwed  into  the  stud,  the  whole  should  be  firmly  fixed  up 
in  the  suffit  of  the  window,  pretty  near  the  sash,  in  such  a  manner, 
that  the  steel-wire  screw  may  he  quite  horizontally,  and  in  a  due  east 


sinitnTUTB  worn,  ▲  tjuhsit  iHirsuittirr.  325 

and  west  direttion ;  and  when  equal  portknis  of  the  screw  are  seen  on 
each  itide  of  the  study  the  phinunet  shall,  after  heing  hung  on  the 
grooye,  be  peiiecdy  coincident  with  die  meridian  line  drawn  on  the 
board. 

**  The  plununet  is  thus  formed. — Select  as  manj  of  the  smallest  and 
bhckestt  jet  stout  horse  haira,  as  wiU  be  sufficient  fullj  to  reach  from 
die  top  to  the  sole  of  the  window,  and  having  joined  these  together, 
by  what  are  tenned  fishei's  knots,  (whereby  the  small  ends  may  be 
closety  cut  off,  widiout  the  risk  of  any  of  the  knots  slipping,)  form 
upon  one  end  a  loop,  which  is  to  pass  over  the  groove  on  the  cylindricd 
part  of  the  screw :  on  the  other  end  a  double  or  triple  knot  is  to  be  cast : 
a  short  conical  leaden  pknmnet  of  two  or  three  ounces  wei^  is  then  to 
be  bored  down  through  its  apex,  J26  of  an  inch  deep,  by  means  of  a  fine 
heckle  toodi,orsome  odier  small  pointed  instrument ;  the  knotted  end 
of  the  hair  is  then  to  be  inserted,  and  the  orifice  of  the  hole  genUy  heal 
round,  so  as  closely  to  embrace  the  hair,  taking  care  that  it  shall  not  be 
chafed  or  injured,  lest  it  should  be  unable  to  support  the  weight  of  the 
phnnmet ;  this  is  periiaps  die  neatest  way  of  doing  it,  but  it  requires  ad- 
dress and  management 

Anodier  way,  however,  is  to  take  flf^ommon  pin,  and  after  cutting 
off  its  point,  turn  it  up  into  a  hook  a  litde  bent  backwanls,  that  the 
centre  of  the  hook  may  be  in  a  line  with  the  straight  shank,  and  inp 
sorting  the  head  and  part  of  the  shank  into  the  hole  in  the  plummet, 
close  the  lead  round  in  the  same  manner  as  directed  for  the  hair,  and 
hang  it  by  a  loop  similar  to  that  made  <m  the  other  end  of  the  line. 
The  plummet  should  be  immersed  in  a  small  jar  of  water  to  promote 
its  steadiness. 

*^A  piece  of  weU-seasoned  wood,  about  five  inches  broad,  three  inches 
thick,  and  sufficiendy  long  to  reach  ftom  the  floor  to  (within  the 
thickness  of  a  board  placed  on  its  top,  for  the  double  purpose  of  fix- 
ture, and  preventing  injury  to)  the  ceiling,  is  now  to  be  prepared ; 
one  edge  and  side  of  which  should  be  planed  quite  strai^t  and 
smooth,  for  the  purpose  of  facilitating  its  being  placed  peifecdy  per^ 
pendicular :  Take  then  three  '^slips  of  hard  wood,  two  of  them  about 
five  feet  long,  so  shaped,  that  when  fixed  to  the  post,  they  shall 
fonn  a  hoDow  dovetafl  groove,  to  receive  the  third,  which  shouM 
be  about  18  or  20  inches  long,  and  at  least  one  inch  broad  on  the 
upper  or  narrow  surfture,  the  lower  surface  and  sides  fitting 
spring-tight  into  the  groove  foimed  by  the  other  two  pieces,  which 
are  to  be  planted  on  the  north  side  of  the  upright  post,  or  that  next 
to  the  observer,  close  to  the  straight  leaned  edge,  and  reaching 
widiin  a  few  mches  of  the  tknx.    That  this  sliding  piece  may  move 
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easily,  although  tightly  fitted  to  the  groove,  it  should  be  well  rub- 
bed over  with  black  lead:  and  it  would  not  be  amiss  that  it  were 
made  fully  thicker  than  the  pieces  which  form  the  groove,  in  order 
that  its  upper  surface  may  be  rather  above  the  plane  of  the  other 
two. 

<<  The  use  of  this  sliding  piece,  (to  which  the  sight  or  eye-piece  is 
attached,)  is,  by  being  pushed  down  its  groove,  the  sun  may  be  seen 
through  the  eye-piece,  even  at  his  greatest  north  declination ;  it  more- 
over serves  when  any  of  the  knots  on  the  hair  plummet  should  by  ac- 
cident intervene  between  the  observer's  eye  and  the  sun's  disc,  to 
bring  a  straight  part  of  the  hair  opposite  to  the  sun  by  sliding  it  up  or 
down  little  more  than  a  quarter  of  an  inch. 

'*  The  eye-piece  is  formed  as  follows : — A  circular  plate  of  brass, 
about  two  inches  diameter,  and  .08  of  an  inch  in  thickness,  termtnatee 
on  one  side  in  a  sort  of  pillar  about  one  inch  long,  all  neatly  dressed 
up  and  smoothed ;  in  the  centre  of  the  plate  is  drilled  a  small  hole,  not 
exceeding  .016  or  .018  of  an  inch  in  diameter,  and  the  burr  well 
cleaned  away ;  on  that  side  of  the  plate  destined  to  be  farthest  from 
the  observer,  the  small  hole  is  to  be  deeply  and  widely  counter-sunk, 
yet  leaving  a  small  part  of  th^  original  bore  quite  entire ;  two  pretty 
thick  slips  of  brass,  undercut  so  as  to  form  a  dovetail,  are  then  to  be 
pinned  or  otherwise  fixed  on  the  counter-sunk  side  of  the  plate,  at 
right  angles  to  the  line  of  the  pillar,  and  so  far  separaite  on  each  side 
of  the  centre  hole,  as  will  be  sufficient  to  admit  a  dovetail  brass 
frame,  hereafler  to  be  described.  At  the  other  extremity  of  the  pil- 
lar is  formed  a  stout  pivot,  fitting  into  a  socket ;  the  pivot  has  a  groove 
turned  upon  it,  in  which  the  end  of  a  screw  passing  through  the  socket 
works,  keeping  it  in  its  place,  only  admitting  the  eye-piece  to  turn 
on  its  axis,  so  as  it  may  be  made  directly  to  face  the  sun  whatever  be 
his  altitude. 

^^  This  socket  constitutes  a  part  of  the  remainder  of  the  eye-piece 
whereby  it  is  attached  to  the  wooden  slider ;  on  the  front  or  outside  of 
the  socket  is  prolonged  or  continued  a  pretty  stout  brass  plate,  either 
soldered  on  or  cast  in  the  solid,  and  this  carries  a  hollow  cylinder,  which 
is  made  to  turn,  (and  secured  from  coming  off  by  a  screw,  nut,  and 
washers,)  on  a  strong  pin  or  stud  fixed  by  means  of  a  sole  to  the  sbd- 
ing  wood ;  this  last  part  serves  to  turn  up  the  eye-piece  to  be  out  of 
the  way  when  not  in  use ;  and  when  let  down  for  the  purpose  of  mak- 
ing an  observation,  the  bottom  of  the  socket  rests  on  the  edge  of  the 
aprigfat  post,  and  keeps  the  pillar  of  the  eye-piece  always  in  a  hori- 
zontal position. 
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^  With  regard  to  the  brass  frame,  it  should  be  in  length  about  the 
diameter  of  the  circular  brass  plate  of  the  eye-piece,  besides  a  pro- 
longation formed  to  serve  as  a  handle  to  push  it  up  and  down  in  the 
groove ;  its  broader  or  under  surface  should  be  in  width  about  .6  of 
an  inch,  and,  consequently,  the  upper  surfi&ce  as  much  narrower  as 
the  sloped  sides  of  the  two  pinned  on  dovetailed  pieces,  .will  natu« 
rally  require  it  to  be  ;  in  this  upper  surface  is  formed  a  hollow  or  re> 
cess,  nearly  the  length  and  breadth  of  the  fraine,  and  of  sufficient 
depth,  having  only  a  narrow  rim  below,  to  receive  and  support  a  slip 
of  the  finest  thin  and  equal  crown  glass  of  like  size,  and  above  it  a 
spriag-wiro  to  keep  it  in  its  place,  similar  to  the  wires  used  for  the 
ivory  sUps  of  microscopes,  only  a  good  deal  stronger. 

«« This  sUp  of  i^s  is  to  be  smoked  by  a  lamp  or  candle,  so  that  thero 
shall  be  a  gradual  diminution  of  shade  from  one  end  to  the  other, 
commencing  in  the  deepest,  and  ending  in  the  slightest  tinge ;  by 
these  means,  the  sun  may  be  viewed  in  all  stages  of  his  brilliancyt 
from  that  of  his  utmost  splendor,  to  his  being  barely  visible  through 
thin  clouds.  And  herein  is  a  great  advantage  over  using  Claude  Lor- 
raine glasses,  as  in  an  instant  all  the  intermediate  shades  between  the 
lightest  and  very  deepest  may  be  obtained* 

^  All  things  being  now  prepared,  the  wooden  post  is  to  be  set  up  at 
the  distance  of  about  4  feet  north  of  the  i^ummet,  observing  that  the 
smoothed  side,  bearing  the  dovetailed  groove  and  eye-piece,  is  to  be 
placed  as  before  directed,  and  the  straight  edge  brought  just  so  near 
to  the  meridian  line,  that  when  the  eye-piece  is  folded  down,  it,  the 
meridian  line,  and  the  hair  plummet  shall  be  exactly  in  one  plane. 

^  As  to  the  mode  of  fudng  the  upright  post,  afler  being  carofiiUy 
set  quite  perpendicular  and  exactly  in  its  proper  place,  the  best  way, 
is,  by  means  of  square-knee'd  pieces  of  iron,  screwed  at  top  and  botp 
tom  to  the  straight  edge,  the  floor  and  ceiling,  as  well  as  on  each 
side  close  to  the  straight  edge,  without  otherwise  attempting  tocon-> 
fine  the  rest  or  remainder  of  the  sides,  or  even  the  remote  edge,  ex- 
cept by  fillets  nailed  to  the  floor  and  ceiling ;  that,  should  any  cling 
or  contraction  take  place  in  the  upright  post,  the  straight  edge  shall 
at  all  times  maintain  its  perfect  perpendicularity  and  first  position. 

**Itmay  be  necessary  to  observe,  that  in  order  to  verify  the  true 
meridian  position  of  the  plummet  and  eye-piece,  it  would  be  as  well  to 
compare  the  result  of  several  trials  of  it,  with  the  time  given  by  a 
good  regulator  or  astronomical  clock,  allowing  of  course  for  the  equa- 
tion, and  afler  being  perfectly  satisfied  of  its  having  been  brought,  by 
means  of  the  adjusting  screw  which  moves  the  plummet,  precisely  in- 
to the  proper  line,  then  remove  the  board  on  which  the  meridian  was 
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down,  aad  endeavor  to  find  some  fixed  maA  or  object,  «t  the  dia- 
tance  of  30  or  40  yarda*  with  which  the  hole  in  the  eye-pieoe  and  the  hair 
coincide  ;  and  this  will,  at  ail  future  times,  senre  aa  a  mean  of  re^just- 
ing  the  instnunent 

^  Widi  such  an  apparatus  as  above  described,  after  a  veiy  little  prac- 
tice, the  sun's  meridian  passage  maj  easily  be  taken  to  at  least  within 
two  seconds ;  and  if  the  observer  has  much  turn  for  accuracy,  it  may 
generally  be  d<»ie  within  even  less  than  one.  It  is  not,  however,  so  well 
adapted  for  taking  the  meridian  passage  of  the  fixed  stars ;  for  besides 
the  difficulty  of  throwing  a  sufficient  li^  upon  the  hair,  to  cause  it  to  be 
distinctly  seen  at  night,  the  small  hole  in  the  eye*pieoe  transmits  so  few 
rays  from  a  star,  even  of  the  first  magnitude,  that  it  seems  to  dwindle 
into  the  obscurity  of  one  of  the  sixth  or  seventh.  But  for  observalionB 
of  the  Bun«  the  smaller  the  hole,  and  the  greater  the  distance  between  it 
and  the  hair  plummet,  so  much  more*aocuracy  will  be  obtained  in  the 
observations.  Nevertheless,  should  the  hole  be  found  inconveniently 
amaU,  it  can  easily  be  a  httle  widened  by  a  small  broach. 

^  JVb<e. — ^In  placing  the  smoked  glass  in  the  firame,  the  obscured  side 

should  be  placed  under,  resting  on  the  narrow  rim,  so  that  when  the 

fiame  bb  put  into  the  dovetail  groove,  there  may  be  no  risk  of  the  coat  of 

smoke  being  mjured  or  rubbed  off. 

J.S. 

''Edinburgh^  Jfovmber,  1825." 


CHAPTER  XVI. 
On  Repeating  Clocks  and  Waichet* 


To  those  who  do  not  sleep  well,  nothing  can  be  more  convenient  and 
useful  than  a  repeater,  whether  it  is  in  a  watch,  or  in  a  small  fixed  clock. 
A  history  of  this  invention  is  given  by  Mr.  Derham,  in  his  Artificial  Clock' 
maker,  Berthoud,  in  his  Histoire^  has  given  the  following  account  of  it, 
which  is  taken  chiefly  from  Derham  : 

*'  The  art  of  measuring  time,"  says  Berthoud,  '^  was  again  enriched 
with  two  fine  and  useful  inventions,  before  the  end  of  the  seventeenth 
century.  One  was  the  equation  clock ;  the  other,  which  is'theymost 
precious,  and  of  the  most  general  utility,  is  that  kind  of  striking 
which  has  been  called  repeating.     It  is  of  the  mOst  ingenious  me- 
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chaoiflin*  and*  when  added  to  a  dock,  serves  to  make  known  at  plea- 
sure, at  every  instant  of  the  day  or  night,  without  seeing  the  dial, 
the  hour,  and  parts  of  the  hour,  whidi  are  pointed  out  by  the  handa 
of  the  clock.     Both  these  inventions  are  due  to  the  English  artists.'' 

*^  The  clocks  in  question  here  ,"  says  Deiham,  ^  are  those  which, 
by  means  of  a  c«d,  when  putted,  strike  the  hours,  the  quarters,  and 
even  some  the  minutes,  at  all  times  of  the  day  and  of  the  ni^t  This 
striking,  or  repeating,  was  invented  by  a  Mr.  Barlow,  towards  die 
end  of  the  reign  of  King  Charles  IL  in  1676." 

It  is  not  mentioned  by  Derham  whedier  Bariow  was  a  watchmaker  or 
not.  We  have  heard  it  said  by  old  watchmakers,  that  he  was  acler- 
gymui.  This  seems  in  some  measure  confirmed,  by  his  having  appli- 
ed to  Tompion  to  make  his  repeating  watch,  when  he  was  about  to  ob- 
tain a  patent  for  the  invention. 

«« This  ingenious  invention,"  continues  Berthoud,  *^  which  had  not 
been  before  thou^t  of,  made  at  the  outset  a  great  noise,  and  much 
engaged  the  attention  of  the  London  watohmakers.  On  the  idea 
alone  which  each  formed  of  it,  they  all  set  to  work  to  tiy  the  same 
thing,  but  by  very  different  ways ;  whence  has  arisen  that  great  va- 
riety in  the  work  of  repeating  motions,  which  was  seen  at  this  time  in 
London.  ' 

^^  This  discovery  continued  to  be  practised  in  chamber  clocks  un- 
til the  reign  of  James  II.     It  was  then  applied  to  pocket    watehes. 
But  there  arose  disputes  concerning  the  author  of  the  invention,  of 
which  I  shall  sunply  relate    the  facts  to  the  reader,  leaving  him  to 
judge  of  it  as  he  thinks  proper." 

Towards  the  end  of  the  reign  of  James  IL,  Mr.  Barlow  applied 
his  invention  to  pocket  ¥ratehes,  and  employed  the  celebrated  Tompion 
to  make  a  wateh  of  this  kind  according  to  his  ideas ;  and,  at  that 
time,  conjointly  with  the  Lord  Allebome,  Chief  Justice,  and  some 
others,  he  endeavored  to  obtain  a  patent  for  it 

Mr.  Quare,  an  eminent  watchmaker  in  Ijondon,  had  entertained 
the  same  notion  some  years  before,  but  not  having  brought  it  to  per- 
fection, he  thought  no  more  of  it  until  the  noise  excited  by  Mr.  Bar- 
low's patent  awakened  in  him  his  former  ideas.  He  set  to  work,  and 
finished  his  mechanism.  The  fame  of  it  spread  abroad  among  the 
watchmakers,  who  solicited  him  to  oppose  Barlow's  privilege  to  obtain 
a  patent.  They  addressed  themselves  to  the  court ;  and  a  wateh  of 
the  invention  of  each  was  brought  before  the  King  and  his  council.  The 
Ring,  after  having  made  trial  of  them,  gave  the  preference  to  that  of 

Mr.  Quare. 
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The  diffivenee  between  these  two  inventioiis  is  this :— The  rqpetitioft 
In  Mr.  Barlow's  watch  was  eflfected  by  (MishiDg  in  two  smaD  pieces* 
one  on  each  aide  of  the  watch-casOt  one  of  which  repeated  the  hour, 
the  other  the  quarters.  Quare's  watch  repeated  by  means  of  one  pin 
only,  fixed  in  the  pendant  of  &e  case,  which,  being  puslbed  in,  made 
the  repetition  of  the  hours  and  quarters,  the  same  as  is  done  at  pre- 
sent, by  pushing  in  once  only  the  peiulani,  whidi  cairies  this  pin. 

This  invention  of  repeating  tlw  hours  in  small  fixed  clocks  and  in 
watches,  was  soon  known  and  imitated  in  France ;  and  these  madiines 
were  very  common  in  1728,  when  the  celebrated  Julien  Le  Roy,  was 
ttuich  occupied  in  their  improvement  It  was  at  this  period  that  he 
made  the  repeating  clock,  of  which  a  descr^tion  is  given  at  the  end  of 
The  Ati^icial  RuU  of  Time.  This  wasnuule  for  the  bed-chamb^  of 
Louis  the  Fifteenth  of  France. 

The  first  r^ieatenB,  even  those  of  Quare,  as  well  as  others,  gave  the 
number  of  the  hour  according  to  the  lenglh  pushed  in  of  the  pendant* 
which  was  very  inconvenient,  by  striking  improper  hours,  when  the  pen- 
dant was  not  pushed  home  to  the  snail.  This  frequently  caused  mis- 
takes in  regard  to  the  tnie  hour,  which  ought  to  have  been  given.  We 
have  heard  our  predecessor,  Mr.  James  Cowan  of  £dinbuigh,who  weni 
to  Paris  in  1761,  for  improvement  in  his  profession,  and  toho  txeaUed 
9omepieeei  under  JuUen  Le  Roy^  say  that  Le  Roy  introduced  the 
mechanism  into  the  repeater,  which  prevented  the  watch  from  striking 
any  thing  but  the  true  hour.  This,  we  think,  was  done  to  the  repeats 
ing  clock  for  Louis  the  Fifteenth's  bed-chamber.  In  this  constnio- 
tion,  it  struck  none,  unless  the  cord  or  pendant  made  the  rack  go  fully 
home  to  the  snail,  when  it  struck  the  true  hour,  which  was  a  very  con- 
siderable improvement.  The  piece  employed  for  this  purpose  is  catt- 
ed the  a//  or  nothing  piece.  Considering  the  great  talents  winch  Ju- 
lien LeRoy  possessed,  we  have  no  reason  to  doubt  of  this  improv** 
ment  being  his. 

^  Although  the  npetUion^^  says  Berthoud,  ^  such  as  is  now  in 
practice>  is  a  particular  kind  of  striking,  its  mechanism  differs  totally 
from  that  of  the  striking  clock.  1«<,  Because  every  time  that  it  is 
made  to  repeat^  the  main  repeating  spring  is  wound  up,  whereas  in 
the  c(mmion  striking  part,  the  main-spring  is  wound  up  only  once  in 
eight  days,  fifleen  days,  or  a  month.  2d,  In  the  repetition  we  must 
substitute  for  the  count-wheel,  which  determines  the  number  of  blows 
that  the  hammer  must  strike,  a  contrivance  wholly  difforent  The 
first  author  of  this  ingenious  mechanism,  substituted  for  the  count- 
wheel,  a  piece,  to  which,  in  regard  to  its  form,  he  gave  the  name  of 
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tlie  mmL  The  aoail  is  »  pkb  pieoe,  divided  into  twehre  perls,  wUch 
is  formed  of  stepst  end  they  come  graduaUy  in  from  the  circumf^ 
renoe  towards  the  centre.  It  makes  a  revolution  in  twelve  hours. 
Ettch  of  the  steps  is  formed  by  a  portion  of  a  circle.  £veiy  time 
that  the  clock  is  made  to  repeat  the  houry  the  puDey  which  caipes 
the  cord  is  connected  with  and  turns  a  jHrnon*  which  leads  a  rackt 
whose  arm  fidls  on  one  or  other  of  the  steps  of  the  snaily  on  the  card 
being  fuUedt  and  ragulates  the  number  of  blows  whidh  the  hammer 
oug^  to  give;  as  the  snail  advances  only  one  step  in  an  houTt 
it  foUowSf  thatif  it  is  wanted  to  be  made  to  repeat  at  eveiy  instant 
in  the  bourt  we  shall  have  always  the  same  number  of  blows  of  the 
hammer ;  whereas,  in  setting  off  the  vdied  work  of  an  ordinary  strike 
ing  movement  more  than  once  in  the  hour,  we  shouU  have  a  differ* 
ent  hour*  A  coun^wheel  would  then  not  be  fit  for  a  repetition. 
The  mechanism  of  the  repetition  has  a  second  snail,  which  beam  four 
stepe  also  in  portions  of  a  circle,  to  regulate  the  blows  which  the 
quarter  hammers  must  give. 

The  count  and  hoop  wheels,  and  locking  plate  of  the  old  striking 
docks,  for  regulating  the  number  of  blows  of  the  hammer,  and  lock- 
ing the  wbeel-woi^  was  excellently  contrived.  It  had  only  one  in- 
eonvenieaoe,  for  when  set  off  by  accident,  it  would  prematurely  strike 
the  hour  to  come  :  this  made  it  requisite  to  strike  eleven  hours  before 
itcouU  be  brought  agamto  the  hour  wanted.  Had  it  not  been  for 
the  invention  of  the  repeater,  these  would  have  c<Hitinued,  and  would 
have  been  still  made  in  the  modem  clocks,  the  same  as  in  the  ancient 
ones.  But  the  snail  of  the  repeater  showed  that  it  could  be  adapted 
for  regulating  the  number  of  blows  for  the  hammer  of  a  common 
striking  dock,  and  has  prevented  the  inconvenience  of  strikmg  over 
a  number  of  hours  before  the  dock  couU  be  set  to  the  right  hour 

**  We  owe  to  Julien  Le  Roy,"  continues  Berthoud,  ^  the  sup- 
pressing of  the  bell  in  repeating  watches,  a  change  which  has  made 
diese  machines  more  simple,  by  rendering  the  movement  larger, 
more  soKd,  and  less  eqxMied  to  dust  These  watches,  which  he  call* 
ed  ratted  6riaM  edgee^  are  of  a  more  handsome  form.  From  the 
time  of  this  celebrated  artist,  all  the  French  repeaters  have  been 
made  according  to  this  modd;  but  in  England,  where  repeating 
watches  were  invented,  they  make  diem  for  the  most  part  with  a 
bell ;  and  in  Spain,  this  construction  is  still  more  preferred.  In  r^ 
posting  watches  without  a  bell,  the  hammers  strike  on  brass  pieces, 
dther  sdderedor  screwed  to  the  case.  Repeating  watches  with  a 
bell,  have  abo,  ae  well  ae  ihaee  mihoul  one,  the  property  of  being 
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dumb,  that  is  to  say,  repeating  at  pleasure*  without  the  hammers  being 
allowed  to  strike  on  the  bell  or  brass  pieces." 

This  effect  is  produced  after  the  pendant  is  pushed  in,  by  patting 
the  point  of  the  fore  finger  on  a  small  spring  button  that  conies 
through  the  case.  Being  a  htde  pressed  in,  it  opposes  a  piece  against 
the  hammers,  which  prevents  them  from  striking  either  a  bell  or  the 
brass  pieces  inside  of  the  case ;  by  which  means  the  blows  for  hours 
and  quarters  are  feU,  thought  they  cannot  now  be  easily  heard.  These 
kind  of  repeaters  are  found  very  convenient  for  those  who  are  deaf, 
as  during  the  dark  of  night  they  can  feel  the  hour  at  a  time  when  ' 
they  cannot  see  it  These  sourdine  or  dumb  parts  have  been  left 
off  of  late  years  ;  yet  they  are  hot  without  thdr  advantages,  as  have 
been  now  shown. 

The  late  Julien  Le  Roy  had  tried  to  render  repeating  watches  more 
simple  by  suppressing  the  wheel-work  which  serves  to  regulate  the 
intervals  between  the  blows  of  the  hammers,  and  also  the  main  repeat- 
ing spring.  This  celebrated  artist  succeeded  in  constructing  new 
repeating  movements,  of  which  several  have  been  made  oh  this  plan. 
But  it  appears  that  the  pubhc  have  not  found  them  very  conveni- 
ent, so  that  this  mode  of  constructing  them  has  not  been  imitated. 

The  only  one  of  this  kind  which  we  have  seen  of  Julien  Le  Roy's, 
was  a  v^  good  one,  in  the  possession  of  John  Rutherfurd,  £sq.  of 
Edgerston.  Although  they  have  not  been  copied,  they  certainly  de- 
serve to  be  so. 

Repeaters  have,  of  late,  been  made  with  springs  in  place  of 
bells,  (a  very  ingenious  substitute,  it  must  be  allowed,)  of  Swiss 
invention,  though  they  are  as  siirperfluous  as  bells.  Considerable 
trouble  is  necessary  in  making  ana  placing  them.  They  ought  ne- 
ver to  be  recommended,  if  it  could  be  avoided  ;  but  we  are  often  oblig- 
ed to  yield  to  the  fashion  of  the  day,  even  when  it  does  not  coin- 
cide with  our  own  opinion.  When  three  or  more  hammers  are  used 
to  give  the  quarters,  we  then  would  admit  springs  in  place  of  bells, 
as,  when  they  are  well  tuned,  they  give  a  most  beautiful  chime  for 
the  quarters.  Were  bells  introduced  for  this  purpose,  they  would  give 
a  clumsy  appearance  to  the  watch.  Julien  Le  Roy  saw  good  reap 
sons  for  setting  aside  the  bell ;  and  no  plan  of  a  repeater  will  ever 
be  superior  or  equal  to  that  of  his,  which  Graham  frequently  adopted 
in  many  of  his  watches,  though  his  repeating  moticms  were  different ; 
JuUen  Le  Roy's  having  what  is  called  the  plakh  and  Graham's  the 
stogden  motion,  a  most  ingenious  contrivance,  requiring  great  judg- 
ment/in planning,  and  nice  execution  in  making  it  This  motion  is 
well  adapted   for  half  quarters.     Though  we    have   hardly  seen  a 
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Freneh  repeater  with  it,  yet  it  is  not  unknown  to  the  foreign  artistst 
as  a|^>ear8  from  Thiout's  Work.  Tom.  11.  p.  867,  PhU  XXXVL 
fig.  3.  Paritj  1741.  This  repeating  motion  must  have  got  its  name 
from  the  inventor.  Upon  inquiring  afler  him  when  in  London,  in 
the  year  1770,  we  learned,  with  much  regret,  that  he  had  died  a  few 
months  hefore,  in  a  charity  work-house,  at  a  vety  advanced  age. 
The  name  appears  to  be  German :  but  whether  he  was  a  foreigner  or 
Englishman,  we  have  not  been  able  to  learn. 

We  shall  now  lay  before  our  readers  a  complete  description  of  the 
repeating  movement  and  motion-work  of  clocks  and  watches,  whieh 
we  have  taken  principally  from  Berthoud's  Esaai  tur  L^HorUh 
gwie. 

€k>cks  that  have  a  striking  part,  strike  of  themselves  the  hours, 
and  some  strike  the  hours  and  half  hours ;  those  having  a  repeating 
part,  nhike  the  houra  the  tame  aa  other  clocks^  but  the  repeaiing 
part  acts  onbf  on  a  cord  eofmected  with  that  partieuktr  porium  of 
the  work  being  pulled.  In  repeating  watches,  when  the  pendant  or 
pusher  is  forced  home,  one  hammer  strikes  the  hour,  which  the  hands 
point  to  on  the  dial,  and  the  quarters  are  struck  by  the  blows  of  two 
bammer>i.  We  shall  see  by  the  description  of  a  repeating  clock,  how 
this  is  produced ;  but  before  doing  so,  we  shall  give  a  general  idea 
of  this  ingenious  mechanism,  which  is  neariy  the  same  for  a  clock 
as  f<Nr  a  watch. 

In  order  to  make  a  clock  repeat  the  hour,  (see  Plate  XII.  No.  64.) 
tiie  cord  X  is  drawn,  which  is  wound  round  the  pulley  P,  fixed  on 
the  arbor  of  the  first  wheel  of  a  particular  wheel-work,  the  sole  ob- 
ject of  which  is  to  regulate  the  intervals  between  each  blow  of  the 
hammer.    The  arbor  of  this  wheel  has  on  it  a  hook,  which  takes  hold 
of  the  iimer  end  of  the  repeating  main-spring,  contained  in  the  bar- 
rel R,  No.  63.     On  this  arbor  is  also  a  plain  wheel  6,  having  16 
pins  in  it,  which  serve  to  raise  the  hammers,  twelve  of  them  for  the 
hours,  and  three  for  the  quarters.      The   number  of  blows  that  the 
hour  hammer  strikes,  depends  on  the  greater  or  less  course  which  the 
pin-wheel  6  is  made  to  take  when  pulling  the  cord ;  and  this  course 
depends  itself  on  the  hour  pointed  at,  by  the  hands  on  the  diaL    Thus, 
if  the  cord  is  drawn  when  it  is  twelve  hours  and  three  quarters,  the 
pin-wheel  is  obliged  to  make  an  -entire  revolution ;  at  this  instant  the 
repeating  spring  brings  it  back,  in  which  course  it  makes  the  ham- 
mer give  twelve  blows  for  the  hours  and  then  three  for  the  quarters. 
To  distinguish  the  quarters  from  the  hours,  a  second  hammer  is  add- 
edf  which  with  the  first,  makes  a  double  blow  at  each  quarter. 
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It  must  now  be  shown  bj  what  means  the  oourse  winch  tbe  pin- 
wheel  takes,  is  regulated  on  the  cord  being  pulled,  and  how  it  is  pro- 
portioned to  the  hour  which  the  hands  point  to  on  the  diaL 

A  wheel  S,  or  minute  wheel  of  the  dial  work,  Np.  66,  has  its  arixHr 
prolonged  and  outside  of  the  back  of  the  pillar  plate.  In  thi$  cosst 
and  in  comnum,  ths  repeating  vfork  i$  pui  hettoeen  the  dial  and 
fore  plate  of  the  frameJ^  It  carries  the  piece  a  h^  No.  64,  the  pin 
of  which  C,  turns  the  star  wheel  £,  which  takes  twelve  hours  to  go 
once  round,  and  carries  with  it  a  piece  L,  called  the  hour  snail,  divid- 
ed into  twelve  parts,  tending  to  the  centre  of  the  star  wheel.  Each 
of  these  parts  forms  different  depths,  like  as  many  steps,  which  gra- 
dually come  nearer  the  centre,  and  which  serve  to  regulate  the  num- 
ber of  the  hours  which  the  hammer  must  strike.  For  this  pmpoee, 
the  pulley  P  carries  a  pinion  a,  which  pitches  in  with  a  portion  of  a 
wheel  C,  No.  64,  caQed  the  rach,  When  the  cord  is  pulled,  and  the 
rack  is  in  consequence  made  to  advance  towards  the  snail,  the  arm  h 
stops  on  such  a  step  of  the  snail  as  it  may  meet  with  in  its  course ; 
and,  according  to  the  depth  of  this  step,  the  hammer  strikes  a  greater 
or  less  number  of  blows.  It  will  strike  only  one  hour  if  the  arm  6 
of  the  rack  is  stopped  on  the  step  1,  the  most  distant  one  fixim  the 
centre,  as  then  the  pin  wheel  getting  only  one  of  its  pins  engagedi 
the  hammer  strikes  only  one  blow.  If,  on  the  contraiy,  the  step  12, 
which  is  the  deepest  and  the  nearest  the  centre,  is  met  by  the  arm  6  in 
its  course,  which  cannot  get  there  until  the  pin  wheel  shall  havo  made 
one  turn,  then  the  spring  in  the  barrel  bringing  it  back,  will  cause 
the  hammer  to  give  twelve  blows. 

It  remains  to  be  se^a  how  the  quarters  are  repealed.  The  piece 
s.  No.  64,  which  tuins  the  star  wheel,  and  takes  one  hour  to  make  a 
revolution,  is  carried  by  another  snail,  A,  caiUd  Hu  quarter  munk 
formed  by  four  divisions,  making  three  paths  or  steps,  on  one  of 
which)  when  the  cord  is  pulled,  the  arm  Q  of  a  piece  Q  D,  called  the 
finger,  places  itself^  and  according  as  the  step  is  nearer  or  farther  from 
the  centre  of  the  snail,  the  end  D  of  the  finger  finds  itself  more  or 
less  aside  from  the  centre  a  of  the  pulley  P,  so  that  when  the  pull 
of  the  cord  is  finished,  and  the  pulley  returns  by  the  f<xce  of  the 
spring  in  the  barrel,  one  of  its  four  pins  acts  on  this  finger,  namely, 
the  one  which  it  finds  at  a  distance  from  the  centre  a,  which  aoawers 
to  t}ie  elevation  of  the  arm  D,  and  this  is  what  determines  the  blows 
for  the  quarters :  Thus,  when  the  finger  is  applied  on  the  pin  nearest 

*  This  part  of  the  repeating  work,  with  the  dial  wheels,  go  under  the  general 
name  of  Uie  motion  work. 
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the  centre  of  tb^  pulley,  the  hour  hammer  strikes  only  (he  number  of 
hours  that  the  snail  L,  and  the  arm  b  of  the  rack  have  determined.  If 
the  finger  is  placed  on  the  second  pin,  it  does  not  stop  the  pulley  till  after 
the  hour  hammer  has  struck  the  hour,  then  a  quarter,  and  so  on  for  the 
dvee  quarters.  Having  thus  given  an  idea  of  the  essential  parts  of  a 
repeater,  let  us  now  proceed  to  a  particular  description  of  a  repeating 
clock  with  an  anchor 'scapement 

Plate  XII.  Nob.  68,  64,  and  66,  represent  all  the  parts  of  ^a  repeating 
dock  seen  in  plan.  No.  63  represents  the  wheels  and  pieces  contained 
within  the  frame,  or  what  are  put  between  the  two  plates,  wiUiL  the 
exception  of  the  anchor  Ai  which  is  placed  in  this  way,  to  show  the 
'scapement 

The  wheeb  B,  C,  D,  £,  F,  are  those  of  the  movement  B  is  the 
barrel  which  contains  the  dock  main-spring.  The  great  wheel  is  fix* 
•d  to  the  bottom  of  the  barrel  B,  and  pitches  into  the  pinion  of  the 
wheel  C,  which  is  the  great  intermediate  wheel,  D  is  the  third  or  the 
OButre  or  minute  wheel.  Our  workmen  give  the  name  of  minvte-^ 
wlud  1o  what  Berthoud  gives  the  name  of  the  rehinimg'wheel ;  and 
what  he  eaU$  the  mimUe~wheel^  ohUgee  u»  to  make  it  the  centre  cr  third 
wheelj  ffi  conformity  to  hie  language.  £,  the  fourth  wheel,  or  that  where 
the  comrate  niieel  was  usually  placed.  F  the  ratchet  or  'scapement 
wheeL     The  centre  wheel  D  makes  a  revolution  in  an  hour.    The 

I 

pinion  on  which  this  wheel  is  fixed,  has  its  pivot  prolonged^  which 
passes  through  the  fore  plate  No.  66.  This  arbor  or  pivot  enters 
spring  tight  into  the  cannon  of  the  minute-pipe  wheel  m^  seen  in 
perspective  figure  2,  which  makes  also  by  this  means  a  turn  in  aa 
hour.  This  camion  carries  the  minyte-hand ;  and  its  wheel  m  pitch* 
es  into  the  returning  or  ndinute-wheel  S,  of  the  same  number  of 
teeth,  and  of  die  same  c^uneter  as  the  wheel  m.  The  pinion  of 
the  whed  S  makes  twelve  revolutions  in  the  time  that  the  hour* 
wheel  C  makes  one.  The  wheel  C,  which  is  one  of  the  dial  wheds^ 
takes  dien  twdve  hours  to  make  one  revolution,  and  is  that  which 
cairieB  the  hour  hand. 

It  must  be  observed,  with  regard  to  these  three  wheels,  C,  m,  S, 
which  are  called  the  did  wheels,  that  they  are  dways  the  same,  whe- 
ther die  dock  is  a  striking  one  or  a  repeating  one:  their  effect  caus- 
ing die  hour  or  did  whed  C  to  make  a  revolution  in  die  space 
of  twdve  hours.  The  wheels  6,  L,  M,  N,  No.  64,  and  die  fly  Y» 
form  the  wfaed-woik  of  the  repeating  part.  The  object  of  this  wheels 
work,  as  has  aheady  been  mendoned,  is  to  regdate  the  intervd  be- 
tween each  blow  of  the  hammer.  The  ratchet  R,  and  the  pin  whed 
6»  are  fixed  on  the  same  arbor  in  common  with  the  wheel  L,  within 
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whose  centre  it  freely  turns.     The  spring  R  and  the  click  r,  are  placed 
on  the  wheel  L. 

When  the  cord  X,  which  is  wound  round  the  pulley  P,  No.  64,  is 
pulled,  the  ratchet  R,  No.  63,  fixed  on  the  same  aiiMr  as  the  pulley, 
retrogrades,  or  goes  backward,  and  the  inclined  planes  of  the  teeth 
raise  the  end  of  the  click  at  0.  Then  the  repeating  spring  brings 
back  the  ratchet,  whose  teeth  butt  or  stop  against  the  end  of  the  click, 
which  carries  about  the  wheel  L,  and  the  wheel  worii  M,  N,  Y  :  but 
while  the  ratchet  R  thus  carries  the  wheel  L,  and  while  the  pin 
wheel  G,  and  the  pulley  P,  which  are  fixed  on  the  same  arbor, 
(urn  also,  the  pins  of  the  wheel  G  act  on  pieces  fit,  n,  No.  63,  whose 
arbors  prolonged  carry  the  hammers  /,  fii.  No.  63.  Each  piece  m,  n, 
is  pressed  by  a  spring  to  bring  forward  the  hammers,  after  the  pins 
had  made  them  rise  up  or  go  backward.  The  spring  r  is  only  seeiv 
which  acts  on  the  piece  m  ;  that  which  acts  on  the  piece  n  is  placed 
under  the  plate  which  carries  the  motion  vrork^  No.  64.  The  piece 
o  serves  to  communicate  the  motion  of  that  of  m  to  the  arbor  or  piece  fit 
which  carries  the  hour  hammer. 

The  piece,  (basade^)  or  see-saw  m  Xy  No.  63,  is  movable  on  Ae 
arbor  which  carries  the  quarter  hammer.  On  this  arbor  below  m  or, 
an  arm  like  that  of  m  moves,  on  which  act  the  three  pins  placed  on 
the'  under  side  of  the  wheel  G.  These  three  pins  serve  to  raise  the 
quarter  hammer  fixed  on  the  arbor  which  carries  the  piece  m.  It  is 
this  hammer  which  the  spring  r  presses.  When  the  cord  is  putted, 
the  wheel  G  is  made  to  go  backward,  the  pins  of  which  come  to  act  on 
the  back  part  of  the  arm  m,  which  yields  and  comes  from  miox*  The 
small  arm  which  is  below  for  the  quarters,  makes  the  same  motion ;  and 
when  the  repeating  spring  brings  back  the  wheel  G,  a  small  spring,  which 
acts  on  these  pieces  nt,  obliges  them  to  get  ^engaged  between  the  spaces 
of  the  pins,  and  to  present  the  right  planes  on  which  these  pins  act  to 
raise  the  hammers. 

The  pulley  P,  No.  64,  carries  the  pinion  a,  which  pitches  into  the  rack 
b  C,  the  effect  of  which  is,  as  has  been  said,  to  make  the  point  b  go  upon 
the  steps  of  the  snail  L,  and  determine  the  number  of  blows  which  the 
hour  hammer  must  give. 

The  star  wheel  E,  and  the  snail  L,  are  fixed  together  by  two  screws. 
This  star  moves  on  a  screw  stud  T,  No.  64,  attached  to  the  piece  T  R, 
movable  itself  in  T.  This  piece  forms,  with  the  plate,  a  small  frame, 
in  whicb  the  star  £  and  snail  L  turn.  One  of  the  radii  or  teeth  c£ 
the  star  bears  on  the  jumper  Y,  which  is  pressed  by  the  spring  g*. 
When  the  pin  C  of  the  quarter  snail  turns  the  star  wheel,  the  jump 
er  ¥  moves  out,   receding  from  V,  the  centre  of  the  star,  until  the 
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loodi  of  die  fltar  urivea  at  the  wDgfs  of  the  jumper*  which  hi^ipeof 
wimi  it  has  made  half  of  (be  way  which  it  wjfjbX  to  do.  Having  es- 
caped this  an^  the  iodiDed  plane  of  the  jumper  pushes  it  behind* 
«im1  makes  it  precipitatdy  £niflh  the  other  hatf ;  so  that  from  the 
^>tyngpng  of  one  hour  to  another,  that  of  the  star  and  of  the  snail  is 
done  in  an  instantt  which  is  when  the  minute-hand  points  to  the  SOth 
minute  on  the  diaL 

The  jumper  fini^^Hmg  thus  in  turning  the  star  ii^eel,  each  tooth 
pJaced  in  c  comes  on  the  back  of  the  pin  c,  ahd  makes  the  mrprtH 
a,  to  which  it  is  fixed*  advance.  The  surprise  is  a  thin  plate,  adjusted 
on  the  quarter  snail ;  it  turns  with  it  by  means  of  the  pin  which  comes 
4hron|^  an  opening  made  in  the  surprise:  the  advance  which  die 
•iMvwfaeel  teeth  causes  the  suq>rise  to  make*  serves  to  prevent  the  aim 
<^  of  the  fioger  fitxm  fiJUng  into  the  step  8*  which  would  make  the  throe 
^juaiten  repeated  when  ^  the  JdOth  minute.  As  soon  as  the  star  changes 
•  Ae  boiVf  it  then  obliges  die  nurprite  to  advance  to  receive  the  arm  Q  $ 
00  that  if  the  cord  is  pulled  at  this  instant*  the  hammer  will  strike  the 
jMecise  hour. 

The  arm  Q  and  the  fioger  are  movable  on  the  same  centre.  When 
we  have  drawn  the  cord*  and  irtien  the  pins  of  the  pulley  have  freed 
or  left  the  fioger  at  liberty*  dien  the  spring  p  makes  the  aim  Q  fall  on 
the  quarto:  snail*  and  the  finger  D  presents  itself  to  one  or  other  of  the 
fans  in  die  pulley.  These  two  pieces  can  turn  one  on  the  other*  and 
be  woved  separately*  This  serves  in  die  case  where  the  arm  Q  going 
to  ftU  on  the  step  A  of  the  quarter  snail*  and  the  finger  D  being  engaged 
in  the  pins  of  the  pulley*  this  aim  bends  and  yields  to  the  pins  of  the 
puUey*  which  at  diis  instant  cause  it  to  retrograde*  or  go  backward ;  it 
is  necessaiy  that  the  pin  for  the  present  tn  hold  can  make  the  fingw 
jaogre  separately  from  the  piece  Q.  The  spring  B  brings  back  the  finger 
D  as  soon  as  the  pin  has  letregraded*  so  that  it  may  present  itself  to  the 
pin  which  atqis  lor  the  hour  alone*  or  for  the  quarter*  if  the  arm  fiiils  on 
die  step  If  fee 

Having  pointed  out  the  most  essential  parts  of  the  repetition,  diere 
remains  only  one  of  which  an  idea  must  be  given*  and  which  we  shidl  en- 
deavor to  make  the  reader  understand.  This  is  the  ott  or  nothings  iriiich 
has  this  property*  diat  if  the  cord  is  not  fully  drawn*  so  as  to  make  die 
arm  6  of  the  rack  €  press  on  the  snail  L,  die  hammer  will  not  strike*  so 
diajt  jby  this  ingenious  mechaniMn  the  piece  will  repeat  the  exact  hour ; 
if  •pdierwise*  it  will  not  repeat  at  alL 

We  have  seen*  diat  when  the  cord  X  is  pulled*  the  pin-wheel  6 
oyeKsets  the  piece  m  and  makes  it  come  to  x ;  and  that  before  the 
hammer  can  strike*  a  small  spring  must  bring  back  the  piece  m  to 
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put  in  holding  with  the  pins;  after  that,  it  is  aasj  to  see  that  if* 
in  place  of  allowing  the  piece  m  to  take  its  situation,  it  were  made 
still  more  to  be  overset,  the  repeating  spring  bringing  back  the  pin- 
wheel,  the  hammer  would  not  strike  while  this  piece  remained  over- 
set :  this  is  precisely  the  effect  that  the  piece  T  R  (No.  64,)  produ- 
ces, which  is  on  that  account  called  the  o^  or  nothing  (Meoe.  This 
is  effected  in  the  following  manner :  the  piece  m  (No.  63,)  carries  a 
pin,  which  goes  through  the  plate  by  the  opening  o ;  if  we  pull  the  cord, 
the  pin-wheel  causes  the  piece  m  to  move,  as  we  have  just  now  de- 
scribed. The  pin  which  it  carries  comes  to  press  against  the  end  o  of 
the  all  or  nothing  piece,  and  sets  it  aside,  so  that  the  pin  shall  arrive  at 
the  extremity,  which  is  a  little  inclined ;  but  the  spring  d,  tending  to 
bring  back  the  arm  o,  the  inclined  plane  obliges  the  pin  to  describe 
still  a  small  space  which  takes  the  arm  m  (No.  63,)  entirely  out  of 
the  reach  of  the  pins,  so  that  the  hammer  cannot  strike  unleas  the 
pin  is  disengaged  from  the  end  of  the  arm  o.  To  effect  this,  the 
arm  of  the  rack  must  come  and  press  on  the  snail  L,  which  moves  on 
a  stud  y,  fixed  to  the  all  or  nothing  piece  T  R.  Now,  in  pressing  the 
snail,  the  arm  o  of  the  pin  is  set  aside,  which,  getting  free,  gives  liberty 
to  the  arm  m  fo  present  itself  to  the  pins  of  the  wheel  6,  and  to  the 
hammers,  that  of  striking  the  hours  and  quarters  given  by  the  dial  work 
and  hands. 

The  ratchet  R  (No.  63,)  is  that  of  the  cUck  and  ratchet  work  of 

the  movement,  c  is  the  click,  r  the  spring.     The  ratchet  R  is  put  on 

a  square  of  the  barrel  arbor ;    this  square  being  prolonged,  serves  to 

wind  up  the  spring  by  means  of  a  key ;  B  is  the  barrel  in  which  the 

spring  or  motive  force  for  the  repetition  must  be  put ;  Y  is  a  screw 

called  the  eccentric  or  pivot-carrying  piece ;  on  the  part  which  enters 

with  force  into  the  plate,  a  tittle  out  from  the  centre  of  the  ari)or  <^ 

the  screw,  a  hole  is  made  for  the  pivot  of  the  anchor  A.     In  making 

this  screw  tuni,  the  pivot  of  the  arbor  of  the  anchor  is  made  to  go 

farther  or  nearer  the  centre,  and  consequently  the  anchor  itself,  so 

that  the  points  of  the  pallet  take  more  or  less  in,  according  as  it  is 

required  with  the  teeth  of  the  'scapement  wheel.     A,  (No.  64,)  is 

the  cock  of  the  'scapement,  it  carries  the  silk  thread  or  spring,  to  which 

the  pendulum  is  suspended.     One  of  the  ends  of  the  silk  thread  is 

attached  to  the  arbor  c,  which  is  called  advance  or  reiardt  (fa»i  or 

slow;)  the  other  end  of  this  arbor  goes  through  to  the  dial,  and  is 

squared   to   receive    a    small   key.      By    this   means    we   can  turn 

the  ari)or  c,  to  any  side,  so  as  to  lengthen  or  shorten  the  silk  thread, 

which  serves  to  suspend  the  pendulum,  whose  length  is  changed  by 

this  method. 
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Tho  anchor  A,  (No.  63,)  is  fixed  on  an  arbor  similar  to  that  ^for  a 
seconds  penduhim.  This  arbor  carries  the  fotk  T,  which  gives  motion 
to  the  pendulum.  The  pivot  which  this  arbor  carries  at  the  end  where 
the  fork  isy  entefs  into  a  hole  made  in  tiie  cock  A. 

1  repiesents  in  perspecthre  die  irtieel  D,  whose  revolution  is  per- 
formed in  an  hour;  it  is  ttie  aifoor  of  it  that  carries  the  wheel  m. 
(No.  66.)  This  wheel  m  is  seen  in  perspective  in  2,  whose  canon 
serves  to  cany  the  miaote-hand;  3  represents  in  perspective  the 
wheel  S  of  (No.  66.)  It  is  die  aibor  of  this  wheel  prolonged,  which 
passing  to  the  motion  work,  canies  die  quarter  snail  k  (No.  64.) 
The  pinion  of  this  wboei  S,  pitches  into  the  hour-wheel  seen  in  perspec- 
tive 4 ;  and  it  is  on  the  socket  of  this  wheel  that  the  hour  hand  is  adjust 
«d  or  fixed. 

It  will  be  seen  from  the  preceding  description,  that  the  pieces  of  the 
repeating  motion  work  are  here  placed  on  the  back  of  the  pillar  plate. 
Placing  them  on  the  fore  plate  will  make  no  difference. 

We  shafl  now  proceed  to  describe  a  repeating  watch,  with  a  horizontal 
or  cyKndiical  'scapement  of  Graham's. 

What  has  been  said  concerning  the  repetitions  in  pendulum  clocks 
and  the  simple  or  plain  watch,  being  once  well,  understood,  the  reader 
will  have  no  difficulty  in  comprehending  the  mechanism  of  a  repeatr 
ing  watch,  which  is  only  on  a  small  scale  what  the  clock  is  on  a  great 
scale. 

No.  66,  of  Plate  XIII.  represents  the  wheel-work  of  the  move- 
ment and  of  the  repetition,  and  all  the  pieces  which  are  put  within 
the  frame  plates.  There  is  a  distinction  here  between  the  wheels^ — 
diose  of  the  movement,  or  which  serve  to  measure,  the  time,  as  the 
wheels  B,  C,  D,  £,  F,  and  those  of  the  repetition,  iMch  serve  to 
regulate  the  interval  between  the  blows  of  the  hammer ;  such  are  the 
wheels  a,  b^  c^  d^  e,  /,  whose  assemblage  is  called  the  litde  wheel- 
woik,  or  runners. 

The  spring  of  the  movement  is  contained  in  the  barrel  A ;  B  is 
the  great  or  fusee  wheel,  C  the  centre  or  second  wheel,  whose 
aibor  prolonged  carries  the  canon  pinion,  on  which  the  minute-hand 
is  fitted  and  adjusted ;  D  is  the  third  wheel ;  £  the  fourth  wheel ; 
and  F  the  cylinder  'scapement,  or  balance  wheel.  The  fusee  I  is 
adjusted  on  the  great  wheel  B,  a  spring-tight  collet  and  pin  keeping 
the  wheel  to  ils  place  on  the  fusee ;  the  chain  is  wound  round  on  the 
fusee,  and  holds  Ukewise  of  the  barrel.  The  hook  0  of  the  fusee 
serves  to  stop  die  hand,  on  the  watoh  being  full  wound  up,  by  the 
book  Btopi»ng  against  the  end  of  the  gwird  d$  gut  stop,  (the  name 
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ii  goi  hkfatt  Uu  eham  wm  p«f  to  tte  fiue$ ;  tta  Modem  MnM  pf  ii 
t»  the  /iiMe  9iopO  e,  (No.  67,)  attaeked  to  Ute  oOier  plate :  ite  «fl«et 
is  the  same  as  in  (he  plain  watch.  No.  66^  represents  Ae  cjrtiiider 
'scapementy  of  which  a  description  has   al#ead|f  been  gireii  in  page 

B  iri  the  balance  fixed  on  the  cylinder;  F  is  te  c^bder  wbsel* 
winch  is  represented  as  tending  to  act  on  the  ^liader,  and  canse 
Orations  to  be  made  bj  the  balance.  Neon  of  tlra  pieces  an  dimwii 
here,  such  as  die  cock,  siide-ciiib,  and  pendninm,  or  spifal  spring, 
as  tfaejr  would  have  ratlier  made  die  'ecapenent  part  obecive.  The 
wheel  work  or  ranners  of  tlie  repetition»  is  composed  of  i^w  wheels 
a,  6,  e,  liy  e,  and  the  flj-pinion  fi  and  of  four  otinr  pinions.  The 
fffect  of  this  whe^  woi^  is  to  regulate  the  interval  between  eikA 
blow  of  the  hammer :  so  Aat  if  the  first  wheel  a  is  made  to  have  49 
teeth,  the  second  h  86,  the  thhd  c  88^  the  fourth  li  80,  and  the  flMi 
e  26 ;  and  moreover,  if  all  the  pinions  into  which  these  wheels  pitdi 
have  six  leaves  or  teeth,  then  in  the  time  that  the  fitsl  whM  o  makes 
a  turn,  the  pinion  /  wOl  make  4812^  revolutions ;  bat  the  ratchet  R* 
which  tiie  first  wheel  a  carries,  is  commonlj  divided  into  24  parta» 
tiie  half  of  which  are  afterwards  taken  awaj,  in  order  that  there  idigr 
remain  only  12  to  strike  12  blows  for  the  12  hours.  If  thetl  we  divide 
4812  bj  24,  we  shall  have  the  number  of  turns  that  the  fifth  pinion  makes 
for  each  Mow  of  the  hammer,  ^vHiich  gives  2Q0it  turns  of  the  pinion  /  fbr 
one  tooth  of  the  ratchet  R. 

The  first  wheel  a,  or  great  wheel  of  the  striking  part,  canies  k 
clkk  ^nd  a  spring,  on  which  acts  a  small  ratchet,  put  under  thh 
nitchet  wheel  R,  which  forms  ehck  and  ratcliet  work,  like  what  haii 
Veen  seed  in  the  first  t^eel  of  repetition,  which  has  the  same  lise; 
that  is  to  sajr,  when  we  push  tlie  pendaiit  or  pusher,  the  ratchet  R 
Retrogrades;  without  the  wheel  a  tuming;  and  the  spring  which  is 
in  die  barrel  B,  (No.  67,)  bringing  back  the  ratchet  R,  on  whose 
arbor  g,  thb  inner  end  of  te  ei^ring  is  hooked ;  the  small  ratchet  comes 
butt  against  the  dick*  and  turns  dM  wheel  a ;  and  the  ntdiet  R  makaa 
ihe  hammer  M  to  Mrfte,  whose  arm  mis  engaged  with  the  teedi  of  this 
ratchet. 

The  spring  r  attachM  to  die  plate  (No.  87,)  acts  on  the  smaB  part 
n  of  die  arm  m,  (No.  86.)  The  effect  of  this  q>ring  is  tb  press  thft 
arm  «  against  the  teedi  of  the  raldiet,  so  thit  whiih  we  ihake  fkh 
watch  to  repeat,  the  mtchet  R  retrograde,  and  the  spring  r  brings  always 
oi&ck  the  arm  m,  in  order  diet  die  teeth  of  die  ttdbhet  may  liiake  the 
hammer  to  strflce.  Let  us  now  pais  on  to  the  d^iasHption  bf  die  inclidil 
woilu 
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Now  66  lepPttMali  that  part  of  a  rtpealer  wkkh  is  caUod  the  dial 
er  moikm  mirk.  It  is  aeeo  in  tiie  instaiit  where  the  buttaa  or  pen* 
dnt  IB  jwt  iinihftd  home  to  make  it  repeat.  In  fimt  takiog  off  the 
InadBt  aad  then  the  screw  whMi  fixes  the  dial  of  repeating  watches* 
we  win  see  the  same  mechanism  that  this  figure  represents.  This  is 
fiM  kind  of  repeating  motion  work  most  geaerally  adopted ;  it  is  so» 
id  and  of  easj  eamcalion*  P  is  the  iiQg  or  bow  to  which  the  pei^ 
dant  shuk  or  posher  is  attached,  and  this  eoters  into  the  socket  0 
of  the  watch  case»  and  mo?es  within  ifci  whole  length  in  ftendiqg  to* 
wards  the  oentre.  It  canies  die  jpieee  p*  wbkAk  is  of  steel,  and  fixed 
in  the  pendant  shank,  both  composmg  die  pusher ;  the  under  side  is 
filed  flaL  A  plale  of  steel,  fixed  to  the  ease  inside,  prcTenlB  it  from 
toning  ronnd,  and  permits  it  to  move  lengthwise  only*  The  end 
part  of  the  steel  in  fiie  pusher  is  fonned  so  fiiat  it  cannot  cone 
cfnt  of  the  case  socket,  this  being  also  pnrented  hj  the  small  steel 
plate. 

The  end  of  fiie  piecep  acts  on  the  heel  I  of  the  rack  G  C,  whose 
centre  of  motion  is  at  y,  and  at  whose  eztvemity  e,  is  fixed  one  end 
effiiediMnS£k  The  oter  end  keeps  held  of  the  ctreomfetence  of 
n  polley  A,  pot  by  a  eqoare  on  die  pnrfonged  etbor  of  the  fost  iriieel 
of  die  namen.    This  chain  passes  over  a  second  pulley  B« 

If  then  we  push  the  pusher  P,  the  end  e  of  the  rack  wiH  describe 
«  certain  space,  and,  by  means  of  the  chain  $  «,  will  cause  the  pu^ 
lejrs  A  B  to  turn.  The  ratchet  R,  (No.  66,)  wiH  also  retrograde,  u»- 
til  the  arm  6  of  the  rack  comes  upon  die  snail  L ;  dien  die  main 
spring  of  the  repetidon  bringing  back  the  ratdiet,  and  the  pieces  which 
it  canies,  the  airo  m  will  present  itself  to  the  teeth  of  the  ratcbett 
and  the  hammer  M  will  strihe  the  hours,  the  number  of  which  depend* 
on  the  step  of  the  snail,  nineh  ia  preeented  to  die  arm  6. 

In  Older  to  have  a  better  idea  of  the  effeot  and  disposidon  of  .diiir 
lepetidon,  it  is  only  neceasary  to  look  at  (No.  68,)  where  the  rack  yt 
m  seen  ih  penrpective  ;  die  hour  snail  L,  and  die  star  wheel  E  ;  the 
prflsys  A  and  B,  dMratchetR,  dm  whed  mt  the  part  of  raising  si 
n  of  tkB  hourhammer )  these  are  die  principal  parts  of  a  repetidott» 
vrtnch  are  drttwn  asif  tbey  were  in  action. 

The  anailL»  fioed  tothe  starE  by  means  of  ttro  screws;  they 
both  turn  on  the  pivot  fonned  firom  the  screw  Y,  carried  by  the  all  or 
nodudg  piece  T  R,  movaUe  on  its  centre  T;  the  all  or  nothiag 
pieoe  lennewiftthe  platea  sM  of  fiwme*  mwhich  the  star  aad  hour 
snailiurtib    Let  ns now  see  how  dnqvarten  are  repeated. 

Besides  the  hear  hammsr  M,  diere  is  anodier  hammer  N,  (No.  66,) 
wh4ee  tebor  or  tnvet  comes  up  widuo  die  motito  werit^  end  Carrie*  die 
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piece  5  6,  (No.  68.)  The  prolonged  pivot  of  the  hour  or  great  hammer 
passes  also  withia  the  motion  wwk^  and  carries  the  small  arm  q : 
these  pieces  6»  6,  and  9,  serve  to  make  the  quarters  strike  by  double 
blows.  This  i^  the  effect  of  the  quarter  rack  Q,  which  has  teeth  at 
the  ends  F  and  G,  that  act  on  the  pieces  9,  6,  and  cause  the  ham- 
mers to  strike.  This  piece  or  rack  Q,  is  caiiied  about  by  the  aim  k^ 
which  the  arbor  of  the  ratchet  R  has  on  it,  by  a  square  above  the 
pulley  A,  in  such  a  manner,  that  wl^n  the  hours  are  repeated,  ^ 
arm  k  acts  on  the  pin  G  fixed  in  the  quarter  rack,  and  obligea  it  to 
turn  and  raise  the  arms  q  and  6,  and  consequently  the  hammers. 

The  number  of  quarters  which  the  hammeis  must  strike,  b  deter- 
mined by  the  quarter  snail  N,  according  to  the  depth  of  the  steps  A, 
1,  2,  or  3,  which  it  presents :  the  quarter  rack  Q,  pressed  by  the 
spring  D,  retrogrades,  and  the  teeth  of  the  rack  engage  more  or  less 
with  the  arms  9,  6,  which  get  also  a  retrograde  motion,  and  are 
brought  back  by  the  springs  10  and  9  :  The  arm  A:,  bringing  back 
the  quarter  rack,  its  arm  m  acts  on  the  extremity  R  of  the  all  or 
nothing  T  R,  the,  opening  of  which  at  j?,  traversing  against  a  stud 
fixed  to  the  plate,  allows  R  to  describe  a  small  space :  the  arm  m, 
coming  to  the  extremity  of  R,  this  last  pressed  by  the  spring «  x,  is 
made  to  return  into  its  place,  so  that  the  arm  m  rests  on  the  end  R, 
and  by  this  the  quarter  rack  cannot  fall  or  retrograde,  unless  the  all 
or  nothing  piece  is  pushed  aside.  The  arm  «,  carried  by  the  quai^ 
ter  rack,  serves  to  overturn  or  set  aside  the  raising  piece  m,  (No.  66,) 
which  is  movMe  on  the  arbor  of  the  how  hammer^  vHiose  pin  1 
comes  up  within  the  motion  work ;  so  that  when  even  the  hours  and 
quarters  are  repeated,  the  quarter  mck  still  continues  to  move  a  little 
way,  and  th»  arm  u  turns  aside  the  raising  piece  m,  by  means  of  the 
pin  1,  which  comes  within  the  motion-work,  and  by  this  it  is  put 
from  having  any  holding  with  the  ratchet  R,  so  long  as  the  all  or 
nothing  T  R  does  not  allow  the  quarter  rack  to  retrograde  or  fall, 
which  can  only  happen  in  the  case  when,  having  pushed  home  the 
pendant  against  the  snai],  the  arm  6  of  the  rack  C  G  presses  the  snail, 
and  makes  it  describe  a  small  space  at  the  extremity  R  of  the  all  or 
nothing :  then  the  quarter  rack  will  fall  and  disengage  the  becks  or 
lifling  pieces,  and  the  hammers  will  strike  hour  and  quarters,  given  by 
the  snails  L  and  N. 

The  great  hammer  carries  a  pin  3,  (No.  68,)  which  comes  up  to  the 
motion-work,  through  an  opening  marked  3,  (No.  68,)  die  spring  r 
acts  on  this  pin,  and  causes  the  great  hammer  to  strike.  This  ham- 
mer carries  another  pin  2,  which  passes  also  through  to  the  motion- 
work  by  an  opening  2,  (No.  68);  it  is  upon  this  that  the  small  tail  oi 
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the  nusiQg  piece  q  acts,  to  make  it  gire  Mows  for  the  quarters :  die 
small  hamaMT  has  also  a  pin  which  passes  through  to  the  nootioi^ 
vork  hy  the  <^iuiig  4 ;  it  is  upon  this  pin  that  the  spnng  7  presses, 
to  cause  the  quarter  hammer  to  strike.     The  spring  8  is  the  spring 
jumper,  which  acts  on  the  star  wheel  £.    3  represents  the  canon  pi- 
nion, and  the  quarter  snail  N,  seen  in  perspective.    The   quarter  snail 
N  is  riveted  on  the  canon  pinion  C,  the  end  of  which,  D,  cwries  the 
minute-hand ;  the  snail  N  carries  the  surprise  S,  the  effect  of  whidi 
is  the  same  as  that  for  the  r^ieating  clock,  that  is  to  say,  when  the 
pin  O  of  the  surprise  shifts  the  place,  or  causes  the  star  to  advance, 
and  the  jumper  having   done  turning  it,  one  of  the  teeth  of  the  star 
comes  to   touch  the  pin  0,    which  is  carried  by  the  surprise,   and 
causes  the  part  of  the  surprise  Z,  (No.  68,)  to  advance ;  so  that  when 
the  arm  Q  of  the  quarter  rack  falls  on  this  part  Z,  and  prevents  it 
firom    falling    on  the  step  3  of  the  snail,  by   this  the  piece  repeats 
only  the    hour.    The  changing  from  one  hour  to  another  is  by  this 
way  made  in  An  instant,  and  the  watch  strikes  the  hour  exacdy  as 
marked  by  the  hands.    The  socket  or  canon  of  the  canon  pinion  C 
D,  3,  is  slit,  in    order  that  it   may  move  spring  tight  on  the  arbor 
of  the   second  wheel,  on  which  it  enters   with  a  degree  of  stifihess  or 
friction  slight  enough  to   be  able  to  turn  easily   the  minute-hand  to 
either  aide,  by  setting  it  back  or.  forward  according  as  it  may  be  r^ 
quired,  which  sets  abo  the  hour-hand  t<>  the  hours. 

It  is  proper  here    to  undeceive  those   who  think  that    they  injure 
their  watches  in  setting  the  minute-hand  backward.     In  order  to  con- 
vince one's  self  that  there  is  nothing  in  this,  it  is  sufficient  to  remark 
the  position  which  the  pieces  must  have  in  a  repeating  motion-work, 
when  it   has  to  repeat  the  hour,    when  the    pendant  or  pusher  has 
brought  back  and  set    aside  all  the^  pieces  which  communicate  witti 
the  snails  L,  N;  for  at  this  time  there  is  no  communication  or  con- 
nection between  the  pieces  of  the   movement  and  those  of  the  motion- 
work,  but  that  of  the  pin  0  of  the  snail  or  surprise,  with  the  teeth  of 
the  star  wheel  £,  which  nothing  can    prevent  from  retrograding.     If 
then   the  minute  hand  is  made  to  make  a  complete  turn  backward, 
the  pin  0  will  also  make  one  of  the  teeth  of  the  star  retrograde ;  and 
if  the  watch  is   made  afterwards  to  repeat,  it  will  strike  always  the 
hours  and  quarters  as  marked  by  the  hands ;  but  it  must  be  observed, 
that  if  the  hands  were  turned  in  the  same   instant  that  the  watch  is 
made  to   repeat,  they    would  then    be  prevented.      It  is   necessary 
therefore,  before  touching  the  hands  of  a  repeating  clock  or  watch, 
to  wait  till  it  has  repeated  the  hour,  so  that  all  the  pieces  shall  have 
taken  their  natural  situations. 
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Itis  easy  to  conclude  from  Ais,diai  nnce,  wiih  aiepeitiiig  wmteh 
we  can  set  backward  or  forwaid  the  miiiirte  hand*  acconfimg  aa  it  may 
be  requiredf  we  may,  with  much  graator  reason,  do  this  in  a  plain 
watch  where  no  obstacle  is  opposed  to  it 

As  to  the  hour-hand  of  a  repeating  watch,  it  ought  never  to  be 
turned,  without  that  being  done  by  the  minute-hand  alone;  eicept  in 
that  case  where  the  repeater  does  not  stiike  the  hour  marked  by 
the  hour-hand,  when  it  would  be  necessaiy  to  put  it  to  the  hour  wttch 
the  repeater  strikes. 

When  the  repeater  gets  of  itself  deranged,  by  the  hour  hand  not 
according  with  the  hour  whidi  the  watch  strikes,  it  is  a  proof  that 
the  jumper  S,  or  the  pin  O  of  the  snail,  do  not  produce  ikb  effect 
required. 

The  retoming  or  minute  wheel  60,  of  4  teedi,  is  placed,  and  turns 
on  the  stud  12,  (No.  68,)  which  is  led  by  the  canon  pinion  N,  of  10 
leaves ;  the  mbuto  wheel  (nnion  of  12  leads  the  hour-wheel  of  M, 
causing  it  to  make  a  revolution  in  12  hours,  and  ^  canon'^  pinion  makes 
12  revolutions  for  one  of  the  hour-vribeel ;  it  is  the  socket  of  the  hour* 
wheel  which  carries  the  hour  hand.  The  raising  or  lifting  pieces  m 
n,  (No.  66,)  can  only  describe  a  small  arc,  which  permits  the  ratdiet 
R  to  retrograde ;  and  so  soon  as  the  mover  brings  it  back,  the  arm  1 
of  the  raising  piece  draws  the  hammer  M.  2  represents  Ae  under 
side  of  the  all  or  nothing,  with  the  two  studs ;  one  U  as  a  centre  on 
wtdoh  it  moves,  and  the  other  x  on  which  the  star  and  snafl  tuni, 
the  hole  e  of  this  piece  allows  the  square  of  tiie  fusee  of  the 
movement  to  come  through,  and  lastly  passing  dirough  the  dial, 
serves  for  winding  up  the  watoh.  W,  (No.  68,)  ia  th^^oddng  s|Hring 
and  boh;  this  is  what  prevents  the  movement  from  (^>ening  out  of 
the  case. 

T  is  a  small  cock  or  bridge  which  keeps  the  rack  to  its  place,  and 
prevents  it  from  getting  away  from  the  plate,  permitting  it  to  torn  only 
on  its  own  centre. 

All  the  parts  of  the  repetition  or  motion  woric  which  have  been  describ- 
od,  are  placed  on  the  back  of  the  pillar  plate,  and  are  covered  by  the 
dial;  so  that  between  the  plate  (No.  68,)  and  the  dial,  there  n^ust 
be  an  interval  to  allow  sufficient  play  for  the  motion  woik.  It  is 
for  this  purpose  that  a  piece  is  destined,  which  is  not  represented 
here,  and  which  is  called  the  brass  edge.  This  is  a  sort  of  circle 
or  ring,  into  which  the  drcum&rence  or  edge  of  the  pillar  plate  is 
sunk  a  little  way,  with  whichit  is  kept  fast,  by  means  of  keys,  orgriA 
18  and  14.  The  brass  edge  is  covered  by  the  dial,  fixed  on  the  brass 
edge,  by  means  of  ascrew. 
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A  repeater  is  made  to  strike  the  hour  which  it  indicateB  the  mo- 
ment we  press  in  the  pendant;  so  that  the  machine  must  be  contriv- 
ed in  such  a  way,  that  it  maj  be  easj  to  push  in  the  pendant*  and 
that  the  blows  of  the  hammers  may  be  the  strongest  possible.  With 
respect  to  the  first,  that  depends  on  two  things,  the  given  force  of  the 
spring,  and  the  length  of  the  pusher ;  that  is  to  say,  the  space  de- 
scribed, and  the  manner  of  making  tiie  pusher  act  on  the  rack. 
With  regard  to  the  last,  the  rack  must  be  placed  in  such  a  manner« 
that  the  point  of  contact  of  the  pusher  foOows  the  arc  described  by  the 
reck,  in  such  a  way  that  the  force  shall  not  be  decomposed,  so  that 
Uie  action  of  the  hand  on  the  pusher  shall  be  exerted  wholly  upon 
the  rack. 

With  regard  to  the  pusher,  its  length  depends  on  the  point  where 
it  acts  on  the  rack,  that  is  to  say,  according  as  &rther  or  nearer  the 
centre  of  motion.  It  is  obvious,  that  if  it  acts  near  the  centre,  more 
force  is  required,  and  it  will  describe  a  less  space,  and  vice  wna.  As 
to  the  force  of  the  blow  of  the  hammer,  it  is  limited  by  the  force  of 
the  repeating  main-spring,  and  by  the  force  that  the  runners  require  to 
move  or  keep  them  in  motion ;  for  it  is  clear  that  it  is  only  the  excess 
of  the  force  of  the  spring  over  the  resistance  of  these  wheels  that 
can  be  employed  to  raise  the  hammer.  The  number  (^  blows  of  the 
hammer,  for  one  revolution  of  the  ratchet,  determines  again  the  force 
of  the  blow. 


CHAPTER  XVII. 

On  Thermometers^,^  Pyrometers^  and  the  expansive  ratio  ofMetah^  ^c. 

Before  giving  descriptions  of  compensation  pendulums,  it  will  be  pro- 
per to  take  a  review  of  Thermometers,  their  different  scales,  and  cor- 
responding degrees,  because  they  are  required,  when  making  trials 
of  the  expansion  of  metals,  by  the  application  of  heat  ,  to  them,  when 
placed  for  this  purpose  in  a  Pyrometer.  We  shall  give  an  account 
of  the  result  of  such  experiments  as  have  been  made  in  this  way  by 
sundry  philosophers,  leaving  the  artist  to  adopt  any  of  them  which 
he  pleases.  They  will  show  what  has  progressively  been  done,  and 
by  getting  a  general  knowledge  of  the  relative  expansion  of  metals, 

he  will  be  better   enabled  to   construct  compensation   pendulums,  on 
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such  prinoiplefl  as  may  aeeni  to  him  the  best  calculated  todMain  Ae 
end  required. 

Fahrenhfflf  s  thermometer  is  used  in  Britain^  at  least  it  is  the  one 
in  most  seneral  use.  The  space  on  the  scale  of  it,  between  the 
freezing  and  boiling  points,  is  divided  into  180  degrees,  beginning  at 
the  temperature  produced  by  mixing  snow  and  common  salt  toge- 
ther, which  is  32  degrees  below  freezing;  of  course  the  freezing 
point  is  marked  32<^,  and  the  boiling  point  212^.  The  thenncnoeter 
known  by  the  name  of  Reaumur's  was  in  fact  constructed  by  De  Luc, 
and  used  in  France  before  the  revolution;  it  is  still  used  in  Italy, 
Spain,  and  in  general  throughout  the  most  part  of  the  continent  of 
Europe,  even  in  Russia  where  that  of  De  Lisle's  was  contrived.  The 
scale  of  Reaumur's  between  the  freezing  and  die  boiling  points,  is  divid- 
ed into  80  degrees,  the  fireezing  point  being  marked  zero  or  0,  and  the 
boiling  point  80^,  consequendy  180  degrees  of  Fahrenheit  is  equal 
to    80  degrees  of  Reaumur,  or  18  of  Fahrenheit  is  equal  to   8  of 

9R 

Reaumur,  or  9    of  F.  equal  to  4  of  R. ;  therefore  F  «=  -—  +    32. 

^t 

Then  2.26  degrees  of  Fahr^iheit  is  equal  to  1  degree  of  Reaumur.  27 
degrees  of  Reaumur's  thermometer,  the  height  which  Bexthoud  rais- 
ed it  to,  in  his  experiments  on  the  expansion  of  metals,  will  be  found 
to  be  equivalent  to  92^.75  of  Fahrenheit ;  or  92.76"— ^2  s  60.76  de- 
grees, the  whole  range  of  the  difference  of  temperature  made  use 
of  in  his  experiments.  We  believe  that  this  was  also  the  extent  taken 
by  Mr.  Troughion  with  his  superlative  pyrometer ;  fbr  these  reasons, 
it  may  be  proper  to  take  the  expansive  ratios  of  brass  and  steel,  as 
given  either  by  Berthoud  or  Troughton,  seeing  their  experiments  did 
not  go  so  far  as  boiling  water,  yet  far  enough  to  give  such  propor- 
tions sufficient  to  fit  up  a  compensation  pendulum.  A  pendulum  may 
sometimes  be  exposed  to  a  cold  below  the  freezing  point,  and  at 
other  times  to  a  greater  degree  of  heat  than  92.76°  of  Fahrenheit ;  a 
range  of  60.76°  should  surely  be  enough  for  this  purpose. 

The  thermometer  of  Celsius  is  used  in  Sweden.  It  has  been 
used  also  in  France  since  the  Revolution,  under  the  name  of  ihermfh 
nUtre  centigrade.  In  it  the  space  between  the  freezing  and  boiling 
points  is  divided  into  100  ;  the  freezing  point  is  marked  zero,  the  boil- 
ing point  100.  Consequently  the  degrees  of  Fahrenheit  are  to  those 
of  Celsius  as  180  :  100  =  18  : :  10  =:  9  :  6;  that  is,  9  degrees  of 
Fahrenheit  are  equal  to  6  of  Celsius.      Therefore  to  reduce  the  de* 

96 
grees  of  Celsius  to  those  of  Fahrenheit,  we  have  F  sB-^4.32,  and 

o 

1.8  degree  of  Fahrenheit  is  equal  to  one  degree  of  the  centigrade 
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thennoineter.  It  may  be  obtenred,  ttat  It  was  the  fertile  genku  of 
Dr.  Hooke  that  suggested  the  freeziiig  and  bofling  of  water,  as  fixed 
pobts  of  temperaturev  to  include  a  scale  marked  with  the  various  de- 
grees. 

These  being  the  principal  theimometers  now  in  use,  the  temperature 
indicated  by  any  of  them,  may  be  reduced  into  the  cocresponding  degrees 
of  the  others,  by  means  of  the  following  simple  theorems,  in  which  R  sig- 
nifies the  degrees  on  Reaumm's  scale,  F  those  of  Fahrenheit,  and  S  those 
of  Celsius  or  the  Swedish  thermometer. 

l«f.  To  convert  the  degrees  of  Reaumur  into  those  of  Fahrenheit 

2dj  To  convert  the  degrees  of  Fahrenheit  into  those  of  Reaumur. 

8<i,  To  convert   the   Swedish   degrees   into  those  of  Fahrenheit 

Sx9 
-^+32=F. 

(F— 32  \ 
— g — j  X  6=S. 

6tht  To  convert  Swedish  into  those  of  Reaumur.    — r— =  R* 

o 

RxS 

6tt,  To  convert  Reaumur's  degrees  into  Swedish.     — - — =:S. 

For  those  unacquainted  with  the  alg^iyaic  expressions  of  aritb* 
metical  formuliB,  it  may  be  necessary  to  explain,  in  words,  one  or  two 
of  these  tiieorems.  Case  1st,  Multiply  the  degrees  of  Reaumur  by 
9,  divide  the  product  by  4,  and  to  the  quotient  add  82,  the  sum  ex- 
presses the  degree  on  the  scale  of  Fahrenheit  Case  2d,  Frcwn  the 
degree  of  Fahrenheit  subtract  82,  multiply  the  remainder  by  4,  and 
divide  the  product  by  9,  the  quotient  is  the  degree  according  to  the  scale 
of  Reaumur. 

Sdf-registeiing  thermometers  have  been  contrived  by  several;  for 
an  account  of  one  by  the  late  Alexander  Keith,  Esq.  of  Ravelstone, 
8u  J^fkhokon**  J<mrnaly  vol  iiL  4to.  Series.  Or  EdMntrgh  PUio^ 
90]^iMcal  TranaaeUonti  vd.  iv. 

For  the  foUowing  on  Ourmometer  ecaUe^  toe  are  itidebted  to  out*  mgemoue 

friend^  Mr.  Scott. 

M  Althoufl^  Fafarenheif  8  scale  coincides  in  many  instances  with  de- 
grees on  the  centigrade  and  Reaumur,  yet  the  only  points  which  are 
characteriaed  on  Fahrenheit,  which  agree  with  points  on  the  other  scaleSy 
widiout  finetional  parts,  are  those  of  freezing  an^  boiling  water,  as  seen 
below. 
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Fahrenheit. 

Centigmde. 

Reaumur. 

"  FreerJng 

32° 

0 

0 

"  Temperate 

48 

81 

n 

^^  Agreeable 

64 

17i 

141 

"  Very  warm 

80 

26t 

2H 

''  Blood  heat 

96 

36i 

28i 

"  Fever  heat 

112 

44i 

36i 

"  Water  boils 

212 

100 

80. 

^^  Therefore,  if  Fahrenheit  is  right  in  his  scale  of  temperatures,  there 
is  a  want  in  the  other  two,  in  as  much  as  fractions  of  a  degree  are 
required  to  point  out  the  most  usual  known  temperatures.  But,  as 
Fahrenheit's  scale  commences  at  a  degree  of  cold  which  seldom  or  never 
is  known  in  Europe, — perhaps  it  would  be  better  to  make  his  scale  begin 
at  freezing  with  O,  and  ascend  to  180^  for  boiling  water,  and  the  degrees 
below  O  or  freezing,  might  be  made  negative,  as  is  done  in  the  others ; 
freezing  and  boiling  water  being  points  with  which  we  are  familiar.  (A 
sketch  of  the  proposed  improvement  of  Fahrenheit's  scale,  see  Plate 
XIY.)  (t  is  done  by  simply  deducting  32^  from  all  the  points  of 
Fahrenheit's  usual  scale.  Were  such  a  one  adopted,  there  is  no  doubt 
but  it  would  soon  supersede  the  present  mode  ;  it  is  both  more  natural, 
and  agrees  with  the  two  extreme  points,  so  well  defined.  For  scales  of 
the  three  thermometers,  and  the  formulse  for  reducing  the  degrees  of  one 
scale  into  those  of  another,  six  cases  being  given,  with  their  solution,  see 
Plate  XIV. 

Godfroi  Wendelinus,  or  Yendelinus,  Canon  of  Gonde,  in  Flanders, 
who  published  a  dissertation  on  the  obliquity  of  the  ecliptic  in  1626,  seems 
to  have  been  the  first  who  observed,  that  by  changes  of  temperature, 
metals  changed  their  lengths ;  and  Musschenbroeck  appears  to  have  been 
the  first  who  made  experiments  with  a  machine  which  he  called  a  pyrom- 
eter, to  try  the  effects  of  heat  and  cold  on  various  metals :  an  improved 
pyrometer  was  made  soon  afterwards  by  Mr.  John  Ellicott  See  Muss-^ 
ckenbroeck*8  PhU.  vol.  I.  p.  202.  RiccioWa  Aim.  I.  109.  Weidler^  p. 
467.     Gass*  dp.  Tome  V.  p.  626. 

A  curious  fact  is  published  by  De  Luc.  A  brass  rod,  which  he 
used  as  a  thermometer,  became  in  summer  habitually  longer;  that 
is  to  say,  afler  being  for  some  time  lengthened  by  heat,  it  did  not 
contract  by  the  application  of  cold  to  its  former  length,  but  continu- 
ed somewhat  longer.  In  winter  the  contrary  phenomenon  took  place. 
Afler  being  contracted  by  cold,  it  did  not  return  to  its  former  length 
on  the  application  of  heat,  but  kept  somewhat  shorter.  A  leaden  rod 
showed  these  effects  in  a  greater  degree.  Glass  has  not  this  quality. 
De  Luc  suspects  this  .property  is  inversely  as  the  elasticity  of  bo- 
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dies.  Glass  is  perfectfy  elastic,  and  lead  is  less  elastic  than  bmss. 
Jowr  de  Phys,  xviii.  369.  The  compound  pendulum  by  Smeaton  has 
a  glass  rod,  and  pendulums  of  this  kind  have  been  observed  to  do  un- 
conunonlj  well.  Can  this  arise  from  the  principle  noticed  by  M.  De 
Luc? 

Dr.  Ure,  an  eminent  chemist,  observed  something  of  this  kind  to 
have  taken  place  in  zinc.  See  his  Chemical  Dictionary,  article  CfJh 
laric.  If  the  experiment  was  pushed  to  a  great  length,  this  property 
might  be  perceived  in  other  metals ;  it  was  found  even  in  steel  by 
Berthoud. 

Zinc,  from  this  cause,  may  be  reckoned  a  metal  unfit  for  a  compen- 
sation pendulum.     The  zinc  tube  pendulum  we  found  to  do  extreme- 
ly well,  as  did  also  the  zinc  bar  one  contrived  by  Mr.  Henry  Ward,  who 
was  a  man  of  veiy  considerable  talent     We  shall  give  an  extract  of 
what  he  says  on  this  matter  in  his  pamphlet,  published  from  the  Trans- 
actions of  the  Society  for  the  Encouragement  of  Arts,  Manufactures, 
and  Commerce,  for  the  year  1807.    ^*It  has  been  the    opinion    of 
some    mechanists,  that  zinc  is  an  unfit  substance   for  a  compensa- 
tion pendulum,  because  they  have  thought  it  too  soil   for  the    pur- 
pose, and   that,  after  being  heated  or  cooled  to  a  considerable  de- 
gree, it  does  not  return  to  its  original  dimensions.     If  that  was  real- 
ly the  case,  no  doubt  but    it  would  be  a  general  one,  common  to  all 
metals  in  a  greater  or  less  degree  ;  but  from  the  experiments  and  ob- 
servaticms  I  have  made  on  zinc  pendulums,  I  am  fuUy  satisfied  there 
is  no  foundation  whatever  for  such  an  opinion.     Some  time  in  the  latter 
part  of  the  last  summer,  I  however  noticed  a  circumstance  that  made 
me  doubt  the  matter ;  for,  when  I  first  used  any  zinc  pendulums,  I 
could  never  bring  the  clock  to  keep  the  same  rate  for  two  days  to- 
gether, but  that  it  was  continually  retarding,  whether  I  used  the  lamp 
or  not ;  and  had  I  not  before  observed  a  similar  efiect  on  a  lever 
pendulum,   that  was  made  of  brass    and    steel,  I  should    have  as- 
cribed the   cause   wholly   to  the  softness  of  the  zinc  bar;  but  by 
constantly    comparing  its  daily  rate  with  one  that   had  been  going 
a  longer  time,  I  found  that  this   retarding  property   gradually  wore 
ofi*,   and  in  less  than  a  month,  would  become  quite   settled  to  the 
rate  that  it  would  afterwards  keep.     By  subsequent  experiments  with 
the  lamp  too,  I  have  constantly  found,  that  all  the  pendulums  I  have 
hitherto  tried,  kept  precisely  the  same  rate,  both  during  the  time  they 
were  heated  (provided  they  were  properly  adjusted)  and  afterwards, 
as  they  had  done  before.    The  cause  of  this  retardation  appears  to 
me  to  be,  that  the  points  of  contact  of  the  different  pieces  which  com- 
pose the  pendulum,  are  more  closely  connected  after  a  little  ti^ie  than 
they  were  at  first ;  that  is,  those  points  of  contact  do,  by  die  weight 
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of  the  ball,  jield  to  each  other  in  a  small  degree,  until  they  get  a  brooder 

bearing." 


Tables  of  the  Expansion  of  Metals. 

Feuguson's — Iron  and  Steel  as  3.  Ellicott's — Gold  -  73. 

Copper         .        4i.                     Silver  -  103. 

Brass           -        5.                       Brass  -  96. 

Tin              -        6.                        Copper  -  89. 

Lead           -        7.                       Iron  -  60. 

Steel  -  56. 

Lead  -  149. 

The  following  is  Smeaton's  Table,  showing  how  much  a  foot  in 
length  of  each  metal  lengthens  by  an  increase  of  heat,  coneqiond* 
ing  to  ISO  degrees  of  Fahrenheit's  thermometer,  or  the  dijOTerence 
between  freezing  and  boiling.  The  unit  is  the  10,000th  part  of  an 
inch. 

White  glass  barometer  tube      ....       100. 

Martial  regulus  of  antimony    .        .        .        -ISO. 

Blistered  steel        -•....       139, 

Hard  steel    ----...       147. 

Iron •      151. 

Bismuth        ---....       157. 

Copper,  hammered         .....       204. 

Copper,  8  parts,  mixed  with  tin,  1     -        .        -       2I8. 

Cast  brass      --.-...       225. 

Brass,  16  parts,  with  tin,  1        .        -        .        .       229. 

Brass  wire,  and  speculum  metal       ...       232. 

Spelter  solder,  viz.  brass,  2  parts — ^zinc,  1         .       247. 

Fine  pewter       ...       274. 
Grain  tin   ....       298. 

Soft  solder,  viz.  lead,  2 — ^tin,  1        •        .        .       301. 

Zinc,  8  parts — ^tin,  1,  a  litde  haromeied     -        .       328. 

Lead    --.-....       344. 

Zinc,  or  spelter      --....       353. 

Zinc,  hammered  half  an  inch  per  foot        -        -       373. 

See  PML  Trans,  vol.  48,  Art  79,  p.  598  ;  and  for  De  Luc's  e]q>en- 
mentB  on  Ramsden's  pyrometer,  see  PhiL  Trans,  vol.  68.  pert  Ist  Art. 
20.  p.  419^546. 


MMfMBlW  or  KBTAlaSy  WOOP,  d^c.  35 1 

General  Roy^s  Table  of  Expasuion. 
la  the  pendulum  of  secondsy  the  quantity  required  to  be  added 
to  or  subtracted  from  the  length,  to  cause  a  gain  or  loss  of  one  mi- 
nute per  day,  is  0.0545  of  an  inch  at  a  medium,  which  does  not  differ 
frcmi  either  extreme,  more  than  the  half  of  unity  in  the  last  figure.  Hence 
the  mean  variation  of  length  answering  to  one  second,  is  0.00098  of  an 
inch.  And  by  General  Roy's  experiments,  in  the  75th  volume  of  the 
PhiL  TroM.  the  expansions  of  five  feet,  of  the  under-mentioned  sub- 
stances, by  a  variation  of  temperature  of  180  degrees  of  Fahrenheit, 
namely  fipom  32  degrees  to  212  degrees,  are, 

Inch. 
Rod  of  English  plate  brass        -        -        -      0.113568. 

Ditto  of  steel 0.068684. 

Prism  of  cast  iron        -        -        -        -  0.066563. 

Glass  tube 0.046569. 

Solid  glass,  and  made  long  before        -        -  0.048472. 

Expansion  of  mercury  is  said  to  be  fifteen  times  that  of  iron.  Hence, 
it  is  seen,  that  in  a  clock  with  a  simple  pendulum,  having  the  rod  of 
steel,  every  difference  of  temperature  of  four  degrees  will  cause  a 
variation  of  one  second  per  day;  that  the  variation  with  a  brass 
rod  is  nearly  twice  as  much,  and,  with  a  glass  rod,  not  much  more 
than'half  the  quantity.  The  difference  between  the  mean  heights  of 
the  thermometer  within,  at  the  Royal  Society's  apartments,  in  sum- 
mer and  in  winter,  is  about  25  degrees.  Hence,  the  difference  be- 
tween the  going  of  a  clock  with  a  simple  pendulum,  in  winter  and  in 
summer,  or  in  summer  and  in  winter,  will  be  about  six  seconds  per 
day,  or  one  minute  in  ten  days. 

The  difference  in  length,  in  straight  grained  deal  wood,  is  found  to 
be  very  small,  whence  it  is  a  general  opinion,'  that  in  clocks  of  the 
common  construction,  in  which  the  pendulum  is  without  intermission 
coimected  with  the  train,  and  the  parts  of  the  'scapement  are  oiled, 
the  errors  of  expansion  in  such  a  pendulum  are  much  less  than  those 
which  arise  from  the  unequal  transmission  of  the  maintaining  power* 
See  yichoUov^s  Journal,  quarto  series,  vol.  1st,  page  58,  May, 
1797. 

^  Lieutenant  Henry  Eater  (now  Captain  Kater)  makes  the  expan- 
sion of  white  deal,  from  the  temperature  of  186  to  49,  to  be  0.0205 
for  four  feet,  and,  for  one  foot,  to  be  0.0040  parts  of  an  inch.  Deal 
is  then  to  zinc  as  49  to  353^^    This  seems  to  have  been  unhammered 
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zinc     From  the  trials  we  have  made  with  wood  there  did  not  appear 
a  possibility  of  getting  such  a  result  as  could  be  depended  on. 

M.  Berthoud  made  experiments  with  wood,  but  finding  notUng 
that  was  satisfactory  in  his  trials,  has  given  us  no  account  of  them 
that  could  be  of  any  service,  otherwise  they  would  have  been  given. 
His  conclusion  is,  that  wood  is  very  unfit  for  a  pendulum  rod;  he 
means,  perhaps,  for  a  complete  or  compensation  pendulum. 

Mr.  Rittenhouse,  a  native  of  Switzerland,  and  a  very  able  philo- 
sopher, now  residing  in  America,  says,  '^  That  there  is  no  expansion 
in  white  deal."  See  in  Dr.  Ure's  Chemical  Dictionary^  very  neat  and 
copious  tables,  not  only  of  the  expansion  of  solids,  but  also  of  liquids, 
from  32  to  212  degrees. 

Before  giving  the  table  of  expansion  of  metals  by  M.  Berthoud,  it 
may  be  proper  to  give  his  detail  of  the  process  he  made  in  making 
these  experiments  on  his  pyrometer.  Being  an  excellent  workman 
as  a  watchmaker,  an  intelligent  mechanic  and  philosopher,  and  at  the 
same  time  zealous  to  find  what  were  the  materials  proper  for  fitting  up 
a  compensation  pendulum,  we  may  have  great  confidence  in  the  results 
he  has  given. 

He  says,  ^*  An  abstract  of  the  experiments  which  I  made  on  the 
expansion  of  different  bodies,  No.  1687  of  his  Essai  sur  Phorlogerie, 
To  make  experiments  on  different  metals,  in  order  to  deduce  the 
proportion  or  ratios  of  their  expansion,  it  is  not  enough  to  have  con- 
structed the  instrument  we  have  described,  (meaning  his  pyrome^r;) 
these  experiments  require  an  extreme  precision,  without  which,  it  is 
astonishing  to  find  such  opposite  results,  although 'we  think  to  have 
always  operated  in  the  same  way.  This  is  what  I  have  found  several 
times,  for  the  same  degrees  of  cold  and  heat,  have  not  always  given 
the  same  extensions.  These  were  the  difficulties  which  obliged  me 
oflento  repeat  the  same  experiments;  and  willing  to  avail  myself  of 
the  cold  of  January,  1760,  I  perceived,  that  in  making  those  experi- 
ments, in  the  same  way  as  in  the  preceding  years,  I  found  results  very 
different,  which  I  attributed  particularly  to  the  way  by  which  the  heat 
of  the  pan  was  introduced  into  the  stove.  In  the  stove  he  placed  his 
pyrometer  and  thermometer^  and  the  rods  of  metal  wider  trial;  for 
hitherto  it  was  a  pipe  from  the  warming  pan,  which  went  up  by  the  side 
of  the  rod  of  metal  under  trial,  and  as  the  thermometer  was  at  a  dis- 
tance fi-om  it,  it  happened  that  the  heat  which  impressed  the  rod,  was 
not  exactly  that  which  impressed  the  thermometer ;  so  that,  according 
to  the  greater  or  less  liveliness  of  the  fire  from  the  pan,  and  of  the  time 
which  the  experiment  lasted,  the  rod  and  the  thermometer  were  heated 
very  differently. 
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^  1687.     H«ie»  dMD,  are  tlie  dmifBS  which  I  mttde»     l^hf,  I 
fitted  m  the  stove  a  pbtet  benl  at  &b  place  where  the  heat  wliioli 
oomes  from  the  pipe  of  the  pas,  to  impreaa  the  inside  oi  the  stove ; 
this  pkto  is  bent  in  such  a  manner  that  die  heat  goes    down   agaii^ 
and  divides  itself  to  get  up  equally  in  eveiy  part  of  the  stove. 

^  1688.  Stcomdhf^  I  placed  the  thermometer  quite  near  the  rod  of 
metal,  at  the  requisite  distance,  so  as  thej  do  not  touch  one  another  9 
bj  this  means,  it  happens  that  they  are  equally  impressed  by  the  same 
heat. 

^*  Able.  I  applied  on  the  same  plate  three  thermometers  of  mercury, 
divided  after  the  scale  of  Reaumur ;  the  first  with  a  cylindrical  kind 
of  baD,  it  rises  to  boiKng  water ;  the  second  has  three  branches,  and  ■ 
goes  to  39  degrees  above  freezing;  the  third  has  four  cyUnMeal 
branches,  and  rises  to  74^  above  freezing.  They  are  made  thus 
with  several  branches,  in  order  to  render  them  more  or  less  sensible; 
and  to  compare  them  irith  rods  of  different  tiiicknesses,  so  that  a  de» 
gree  of  heat  acts  widi  an  equal  advantage  to  dilate  a  rod  of  a  given 
thickness,  and  dilate  the  mercury  of  one  of  the  thermometers :  sot 
when  I  examine  in  die  stove  the  lengthening  of  a  rod  a  litde  strong,  to 
know  the  degree  of  temperature  which  makes  it  change,  I  see  the  ther« 
mometer  which  has  the  greatest  quantity  of  mercury  under  the  least 
surface;  and  when  I  have  a  small  rod,  I  use  the  thermometer  with 
two  branches,  which  has  less  mercury  under  a  greater  surface,  &c. 

^  1689.  Thirdly  J  To  set  out  in  a  sure  or  certain  way,  with  the  same 
degree  of  cold,  I  made  a  cask  of  about  4  feet  deep,  and  9  inches  in 
the  base ;  I  filled  it  with  pounded  ice,  so,  by  placing  in  it  the  rods 
which  I  wanted  to  try,  tbey  took  exacdy  the  temperature  of  the  ice. 

^'  1690.  I  made  use  of  a  more  moderate  and  continued  fire  to  give 
heat  to  the  stove.  I  formerly  used  live  coal  or  charcoal,  now  I  make 
use  of  the  peats  which  the  tanners  make  up  and  sell  for  burning; 
this  fire  is  mild,  lasts  a  long  while  the  same,  and  introduces  itself  by 
this  means  in  an  uniform  manner,  which  imitates  the  gradual  heat  of 
the  air.  I  did  not  use  those  peats  which  are  of  the  same  largeness 
of  size,  till  they  have  been  equally  burned,  so  far  as  to  smoke  no  more : 
I  had  particular  attention  that  the  time  of  the  experiment  was  always 
of  the  same  duration,  in  order  to  have  exact  results ;  and  I  can  po- 
sitively say  they  were  so.  For,  having  repeated  several  times  the 
same  experiments,  I  have  always  found  the  same  results ;  in  conse- 
quence, I  have  recommenced  all  my  experiments,  not  only  on  those 
metals  which  I  had  observed,  but  even  upon  glass,  gold,  and  silver, 

having  got  drawn  a  rod  of  gold  and  of  silver,  40  inches  in  length  each. 
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**  BL  RomiHj,  a  Yery  aUe  watdbmaker,  was  pranntat  flome  of  mj 
QiperioMDts;  having  invited  him  to  see  thenit  he  had  the  conq^daiaaaoe 
to  piocufe  for  me  the  rods  of  gold  and  sihrer.  By  means  of  these 
experiments,  I  give  here  a  complete  and  exact  table  of  the  expansion 
of  all  the  metals  which  I  tried^  .and  I  suppress  all  the  experiments 
which  I  made  during  four  preceding  winters,  with  several  substances 
compounded  of  lead,  antimony,  &a  being  not  sufficiently  exact  to 
have  a  place  here* 

I7ik  March,  1760. 

**  1691.  Having  filled  the  cask  with  ice,  I  placed  in  it  different  rods 
of  the  same  lenglb,  that  b  to  say«  of  8  feet  2  inches,  5  lines  =  461 
lines,  reckoning  from  the  fixed  point  which  keeps  to  the  upper  pillar 
of  the  pyrometer,  to  the  point  where  they  act  against  the  rack;  the 
breadth  of  these  rods  is  5  lines,  and  3  lines  thick;  it  must  be  re- 
maiked,  that  to  each  rod  which  I  tried,  I  brou|^  the  thermometer  to 
the  freezing  point,  by  covering  it  with  pounded  ice. 

Experimeni. 

*^  1692.  Having  taken  the  rod  of  glass  from  the  cask,  and  placed  it 
on  the  pyrometer,  the  thermometer  at  zero,  the  hand  or  index  of  the 
pyrometer  at  68  degrees  of  cold ;'  having  placed  the  stove  and  heated 
it,  the  thermometer  rose  to  27  degrees,  and  the  index  of  the  pyro- 
meter to  6  degrees ;  so  for  27  degrees  of  the  thermometer,  the  index 
of  the  pjnrometer  has  described  or  run  over  62  divisions  of  the  circle, 
that  is  to  say,  the  glass  rod  has  lengthened  i^ths  of  a  line. 

^  1693.  I  took  fix>m  the  cask  a  rod  of  tempered  steel,  which  had 
been  brought  back  to  a  blue,  that  is  to  say,  that  it  had  the  temper 
of  springs,  or  neariy  so'.;  having  placed  it  on  the  pyrometer,  when  the 
thermometer  marked  zero,  and  the  index  of  the  pyrometer  19  de- 
grees of  cold ;  by  means  of  the  stove,  I  made  the  thermometer  rise 
to  27  degrees,  the  pyrometer  to  68  of  heat,  the  index  of  the  pyro- 
meter has  described  77  divisions  of  the  limb  or  arch  of  the  circle,  so 
the  tempered  steel  rod  has  lengthened  uVir^  of  a  line. 

^  1694.  Likewise,  having  taken  the  rod  of  lead  from  out  of  the  ice, 
and  placed  it  on  the  pyrometer  when  the  thermometer  was  at  zero,  and 
the  index  of  the  pyrometer  at  91  degrees  of  cold,  when  the  thermometer 
was  raised  to  27  degrees,  the  pyrometer  marked  102  of  heat ;  then, 
whilst  the  thermometer  was  raised  to  27  degrees,  the  index  of  the  py- 
rometer has  described  193  divisions  of  the  limb ;  that  is,  that  the  rod 
of  lead  has  lengthened  fH  of  a  line  in  setting  out,  and  being  heated  to 
27  degrees  of  the  thermometer  of  M.  de  Reaumur. 
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^1695.  By  a  proeeM  perfecdy  nmilar,  a  rod  of  tin  lengthened 
^Ht ;  ^  f^  of  bnuBS  j-H;  ^  ^^  of  gold, quality  3 1  carats,  wire  drawn, 
and  very  hard,  lengthened,  iVjt  ;  the  same  rod  brought  back  in  the  fire 
to  aoAen  it,  lengthened  -ff^ :  the  rod  of  steel  being  softened,  lengtfi- 
ened^M^*  which  wasfound  by  two  separate  tfials;  a  rod  of  iron  ham- 
mered cold,  lengthened  I'A' ;  the  same  rod  softened, -s^ ;  arodofcop- 
P^«  'fH ;  tt  fod  of  metal,  composed  of  lead,  and  with  one-sixth  part 
of  antimony,  i\% ;  a  glass  tidbe,  four  lines  in  diameter,  -ffif ;  a  rod  of 
silver  wire  drawn,  -Hf .  These  expansions  are  arranged  in  the  follow- 
ing Table: 

BmihtmJf$  Taik  of  Uu  Proportion  of  Uu  Eaq^mmom  of  MttaU,  ^. 

<<1696.    Steel  softened        ....  69 

Iron  ditto 76 

Steel  tempered     ....  77 

Iron  forged  cold     ...        ^  78 

6(M  softened        -        -        -        ,  82 

Ditto  wire  drawn  hard    -        -        -  94 

Copper 107 

Silver  wire  drawn  ....  119 

Brass 121 

Tin 160 

Lead -  193 

Glass 62 

Mercury 1235** 

BerAoud,  in  his  calculations,  made  use  of  the  ratios  of  74  for  steel 
to  121  for  brass.  Some  have  made  the  eiqpansion  of  platinum  the 
same  as  glass. 

**  1697.  All  these  rods  were  tried,  without  being  loaded  or  charged 
with  weights:  Afterwards,  wishing  to  know  the  change  that  the 
weight  of  a  pendulum  ball,  or  lens,  would  cause  to  die  extension  of 
ih»  rods,  I  fixed  to  a  rod  of  steel,  a  lentille  of  86  lb.,  and  found 
that  the  extension  was  sensibly  the  seme,  but  the  cold  did  not  shorten 
the  rod  the  same  quantity  thai  the  heat  had  dilated  it  I  shall  not 
relate  these  experiments  here,  because  they  did  not  appear  to  me  to  be 
exact  enough. 

*'  1698.  I  suppress  also,  to  make  short  details  of  the  experiments 
that  I  made  on  rods  of  wood  of  different  kinds ;  suffice  it  to  say, 
^t  wood  is  subject  to  very  considerable  alterations  by  heat  and  cold, 
by  moisture  and  dryness,  in  so  much,  that  it  is  very  unfit  to  make 
pendulum  rods  of. 


866  bkbthovd's  bxfansion  or  mbtalb. 

**  1699,  Al&ough  metals  expand  in  aU  difectionSf  we  have  oobbi* 
dbred  their  extension  only  in  their  length,  because  it  is  only  this 
which  we  need ;  it  matters  very  little  whether  a  pendulum  rod  is 
thicker  in  summer  than  in  winter;  but  it  is  not  the  san^  with  regard 
to  its  length,  as  we  shall  eice  in  the  following  chapter ;  moreovery  if 
it  is  wanted  to  know  how  much  a  given  metal  rod  becomes  thicks 
or  broader  bj  such  a  degree  of  heat,  it  is  only  necessary  to  compere 
its  extent  to  that  of  the  same  rod  in  our  table,  and  the  extension  of 
the  demanded  dimension  may  easily  be  ascertained."  See  Esaai  rar 
PHorlogerie^  par  M.  BerihoutL  Tome  aecond^  Seeande  PorHu 
Ab.  1686.  Anno  1763. 

Late  experiments  made  by  Messrs.  do  Luc  and  Dalby.  From  the 
freezing  point  32,  to  the  boiling  point  of  212  of  Fahrenheifa  thei^ 
mometer,  the  unit  a  10,000th  part  of  an  inch. 

The  rtauUa  were  asfoUow: 
Glass.        Platinum.      Blistered  SteeL      Iron.      Brass  wire. 
.0063  .0087  .0112  .0126         .0194 

Zinc.         Hammered  Zinc.  Mercury. 

.0296  .0308  .1835 

If  we  take  the  expansive  ratio  of  brass  at  80,  and  steel  at  49.575, 
as  given  by  Mr.  Troughton,  then  Mr.  Smeaton's  would  be  80.55, 
and  47.912,  and  General  Roy's  would  be  78.95,  and  47.7.  Mr. 
Troughton's  pyrometer  being  so  extremely  nice  or  sensible  in  its 
operations,  that  the  proportion  of  brass,  80,  to  steel,  49.575,  may  be 
the  nearest  and  best  we  can  iix  on. 

Some  estimate  may  be  formed  of  the  advantages  of  a  compensa- 
tion pendulum,  by  comparing  the  going  of  a  clock,  which  had  one  of 
£llicott's  construction,  with  that  which  had  none,  as  shown  in  a  letter 
from  Mr.  Bliss  at  Oxford,  dated  12th,  July,  1752,  to  Mr.  Short  in 
London,  who  say^,  '*  I  find,  upon  examining  my  book,  that  the  greatr 
est  difference  in  the  going  of  the  clock,  between  the  coldest  weather 
of  the  two  last  winters,  and  the  hottest  weather  of  the  two  last  sum- 
mers, 19  no  more  than  one  second  a  day ;  and  this  was  occasioned  by 
tl)e  levers  being  made  too  short,  of  which  I  advised  Mr.  £llicott  above 
a  year  since :  whereas  a  clock  with  a  simple  pendulum  with  a  brass 
rod,  made  by  Mr.  Graham,  and  which  belongs  to  Dr.  Bradley,  in  the 
coldest  weather  lost  above  fifteen  seconds  per  day,  and  in  the  warm- 
j^t  gained  above  thirteen  seconds  per  day,  and  went  very  near  1h|& 
equal  time  in  temperate  wealh^."  It  is  plain  that  Mr.  Bliss 
must  have   meant    gained  in  the  coldest  weather,  and  lo$t  in  the  hotr 
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tMt,  odMrwiae  there  would  be  no  analogy  with  the  effect  of  the  tempera- 
twe  in  aummer  and  in  winter  on  the  braas  rod  of  the  pendulum.  The 
p^nduh"ff  ball  resting  by  its  lower  edge  on  the  regulating  nutyasthey 
iMoally  do,  the  expansion  of  the  lead  in  it  upwards,  9urdyf  could  not  ope- 
rate so  much  against  the  brass  rod  as  to  make  the  clock  go  fast  in  sun^ 
mer«  nor  its  contraction  downwards,  so  much  as  to  make  it  go  so  very 
alow  in  winter.  Perhaps  this  may  have  been  the  case  agreeably  to  Mr* 
Bliss's  account  of  the  matter.  See  DtMcriptian  of  T\eo  Methods^  ^c*  by 
John  EUicott,  F.  R.  S.  published  1753. 

Graham  was  the  first  who  thought  of  making  a  pendulum  rod  that 
should  counteract  the  effecte  of  heat  and  cold,  by  a  combination  of 
rods  or  wires  of  different  metals,  such  as  brass,  silver,  steel,  be.  but  had 
never  put  it  in  executioii,  thinking  they  would  not  be  effectual  eno^gjb 
in  their  operations:  this  was  about  die  year  1716.  It  occurred  to 
him  at  that  time,  that  mercuiy,  from  ito  great  expansion  by  heat, 
would  be  nuMre  adequate  to  the  end  he  was  in  pursuit  of.  Having 
made  a  pendulum  on  this  principle,  it  was  applied  to  a  clock,  and  set 
ftfoing.  In  the  PhUa$oiAieal  TramacUatu^  Ab.  892,  it  is  described  in  a 
pqier  which  was  given  in  to  the  Royal  Society,  1726.  He  says,  **  The 
clock  was  kept  constantly  going  without  having  either  the  pendulum  or 
the  hands  altered,  from  the  9th  of  June,  1722,  to  the  14th  of  November, 

1725,  being  three  years  and  four  months.''    Somewhile  previous  to 

1726,  Harrison,  living  at  Barrow,  in  Lincolnshire,  was  engaged  in  mak- 
ing experimente  on  brass  and  steel  rods,  when  he  produced  what  is  now 
called  the  Gridiron  Pendulum.  See  £llicott's  pamphlet,  already  quoted* 
For  a  very  extensive  table  of  the  dilatation  of  solids  by  heat,  see  Dr^ 
Urt?$  Chemical  DktUmary. 


CHAPTER  XVffl. 
On  Compensation  Penduhnm. 


Compensation  pendulums  are  those  which  are  constructed  to  coun- 
teract the  eflbct  of  heat  and  cold  in  lengthening  or  shortening  a  pen- 
dulum rod. 

GrahanCs  Mercurial  Pe/nduhmL 

The  mercurial  pendulum   invented  by   Graham,  having  been  the 
first  that  WQS  applied  to  a  clock,  for  the  purpose  of  compensation,  we 
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BhaD  begin  with  the  description  of  it,  taking  the  others  nearly  in  the 
order  of  their  invention.  This  pendulum  consists  of  a  steel  rod,  at  the 
tower  end  it  carries  a  huge  glass  jar  filled  with  mercuij,  so  that  the 
expansion  or  contraction  of  the  rod  may  be  counteracted  by  the  oppo- 
site expansion  or  contraction  of  the  mercury.  To  make  this  pendu* 
lum  in  the  way  which  has  hitherto  been  adopted,  is  attended  with 
considerable  trouble,  from  the  nature  of  the  materiaL  The  construc- 
tion of  such  a  pendulum  must  always  be  troublesome,  because  any 
addition  to,  or  abstraction  of  the  mercury  from  the  hollow  cylinder 
or  glass  jar,  to  bring  about  the  compensation,  will  cause  a  change  of 
place  with  the  index  point  on  the  graduated  arch  or  index  plate,  if 
such  a  thing  is  used.  A  pendulum  which  will  remedy  this,  shall  be 
afterwards  described ;  in  the  mean  time,  we  diall  proceed  to  give  a 
more  detailed  description  of  such  as  have  been  commonly  made. 

The  length  of  the  pendulum  over  all,  from  the  bottom  of  the  sole 
to  the  upper  end  of  the  pendulum  spring,  is  about  43.96  inches ;  the 
inside  bottom  of  the  jar  .6  of  an  inch  from  the  under  side  of  the  sole, 
the  height  of  the  column  of  mercury  in  the  jar,  about  7.47  inches. 
From  the  upper  end  of  the  pendulum  spring,  take  a  length  of  39.3 
inches  on  the  pendulum  downwards,  then  43.96  inches — 39.2+.6, 
will  give  that  part  of  the  column  of  mercury,  below  the  centre  of 
oscillation,  equal  to  4.16  inches,  and  that  above  the  centre  3.32  in- 
ches. Thehei^t  of  the  jar  outside  7.8  inches,  inside,  7.6  inches; 
mean  diameter  inside,  2.018  inches,  weight  7.6  ounces.  Although 
it  would  be  still  better  to  have  it  of  a  less  weight,  yet  it  is  doubtful 
if  it  would  then  be  strong  enough  to  support  such  a  column  of  quick- 
silver. The  weight  of  the  stirrup  or  jar  fi-ame,  1  lb.  6  ounces ;  if 
we  take  2.66  ounces  from  the  brass  sole,  and  from  the  top,  3.46 
ounces,  making  6  ounces  in  all,  leaving  for  weight  of  the  stirrup  1  lb. 
The  clock  when  set  a-going,  (with  the  pendulum  the  same  length  as 
before,)  after  taking  this  quantity  of  weight  from  the  stirrup,  went  slow, 
at  the  rate  of  46  seconds  in  24  hours,  and  when  shortened  by  setting  up 
the  regulating  nut,  it  was  found  to  be  .16  of  an  inch  less  than  the  former 
length. 

The  length  of  the  stirrup  bars  outside,  including  sole  and  part  of 
the  top,  8.126  inches  ;  breadth  from  outside  of  the  bars,  3.26  inches ; 
thickness  of  the  pendulum  rod  and  stirrup  bars,  0.136  of  an  inch; 
breadth  0.384  of  an  inch ;  thickness  of  the  sole  outside,  0.616  of  an 
Ihch ;  lengdi  from  bottom  of  the  sole  to  the  upper  side  of  the  jar 
coyer,  8.187  inches ;  jar  bottom  sunk  into  the  sole  near  to  0.26  inch ; 
from  upper  side  of  jar  cover,  to  under  side  of  stirrup  top  1.26  inch ; 
height  of  stirrup  top  from   fiat  part  of  pendulum    rod,  1.76  ^  inch ; 
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m^J^mmatt  of  the  flat,  0.320  inch;  dkinetor  of  the  roguktiDg  screw, 
0.218  inch ;  that  of  the  nut,  1.160  inch.  The  screw  contains  86.26 
tttins  in  an  inch,  the  nut  diYided  into  30  prime  divisions,  each  being 
ecfual  to  one  second  a  day,  the  prime  divisors  subdivided  into  four. 

inches,     p 
Length  of  stirrup  bars  inside         ......  8.06 

Thickness  of  sole  outside         - 0.616 

Length  of  stirrup  top-------      1.76 

From  the  stirrup  top  to  the  upper  end  of  pendulum  spring  33.486 

Length  of  the  pendulum  over  all        -        -        -        -        -    43.800 

Length  of  pendulum  spring        ......        .626 

Breaddi  of  the  double  lanunsB,  including  .164,  the  space 
between  them,  each  laminffi  .168        .....     jhM) 

Thicknesa  of  ditto .007 

lb.    oz.    dr. 
Weight  of  quieksiWer  in  the  jar        -        -        -        -    11     12    6.36 

Ditto  of  the  stimip  frame 100 

Pendulumrodandspring,regufaiting  nut,  jar,  cover,  fcc    0    13    0 
Jar 0      7    8 

Total  weight  of  pendulum 14      0  13.36 

Before  the  pendulum  was  altered,  the  rate  of  the  clock  showed, 
that  the  compensation  was  not  sufficiently  efTective,  although  the 
hei^t  of  the  column  of  mercury  was  nearly  7.5  inches,  the  jar 
being  about  full,  allowed  no  more  to  be  put  in :  reducing  the  weight 
of  the  jar-frame  or  stirrup,  required  the  rod  to  be  shortened,  as  has 
been  stated,  .16  of  an  inch  :  whether  this  is  enough,  remains  to  be  de- 
termined. The  daily  rate  for  a  month  or  six  weeks,  was  0.1  second 
slow  when  the  temperature  was  from  36  degrees  to  40  degrees  of 
Fahrenheit's  thermometer,  and  got  gradually  slower  as  the  height  of 
the  thermometer  increased;  between  60  and  66  degrees,  the  daily 
loss  was  from  0.37  to  0.46  seconds ;  for  about  two  weeks,  when  the 
weather  was  extremely  cold,  the  thermometer  at  the  freezing  point 
and  under,  the  clock  showed  a  tendency  of  rather  gaining. 

Of  late  years,  the  mercurial  pendulum  has  been  adopted  in  some 
astronomical  clocks,  and  on  the  whole,  seems  to  have  answered  very 
well  The  author  of  the  Elements  of  Clock  and  WaUh  Work 
thought,  that  it  was  not  fit  for  this  purpose,  being  too  quick  in  its 
operations  of  expansion  and  contraction;  but  if  the  cover  is  weU 
fited  to  the  top  of  the  jar,  we  can  venture  to  say,  from  the  resist- 
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ttice   made  by  glass  to  changos  of  temperature,  &at  the  openliQis 
will  be  too  slow ;  and,  for  this  reason,  it  is  proposed  to  make  such  a 
pendulum,  with    a  thicker   rod,  and   stimip  bare,  that  they  may  not 
take  heat,  and  cold  too  readily.      A  steel  jar  would  perhaps   answer 
the  end  as  well  as  any  other  contrivance ;  but  some  would  object  to 
this,  on  account  of  the  danger  of  magnetism ;  but  even  a  jar  of  this 
kind,  from  its  being  made  thin,  (for  it  would  be  heavy  were  it  as  thick 
as  the  glass  one,)  would  be  easily  affected  by  changes  of  temperature, 
and  mercury  being  still  more  susceptible  of  these  changes,  the  opera- 
tions of  counteracting  the  effects  of  them  might  be  too  sudden.     But 
perhaps,  if  the  glass  jar  had  an  external  coating  of  tin  foil,  similar  to 
the  lining   of  the  Leyden  Phial,  or    some  other  coating,  the  irradiar 
tions  of  heat  from  the  polished  surface  of  the  glass  would  be  lessened, 
and  the  operations  of  the  change  of  temperature  might  be  sufficieiitly 
quick   \vithout  being   too   rapid.     It  is    of  the  greatest  importance 
that  the  pendulum  rod  should,  with  the  smallest  quantity  of  matter, 
be  as  stiff  and  inflexible  as  possible ;  and  although  it  was  proposed 
to  have  thicker  bars  and  rods,  let  us  suppose  the  same  quantity  of 
matter  is  taken  as  before,  but  under  a  circular  in  place  of  a  rectan- 
gular surface, — ^it  must,  in  this  form,  require  more  time  to  get  heated 
and  cooled,  which  is  the  end  we  now  attempt  to  gain.     The  sides  of 
the  parallelogram  were   .384,  and  .136  of  an  inch,   the  product  of 
which  two  numbers,  gives  .052224  of  an  inch  for  the  area  or  super- 
ficies of  the  parallelogram.      To    find  the    diameter  of  a  cylindrical 
rod,  whose  circumference  should  contain  a  superficies  equal  to  that 
of  the  parallelogram,    divide    .052224    by    .7854,    and    extract    the 
square  root  of  the  quotient,  which  wiD  give  .258  of  an  inch,  very  nearly 
as  the  diameter  of  the  rods,  for  .258'  x.7854=.0522793656. 

Let  the  improved  jar-frame,  or  stirrup,  therefore,  be  composed  of  two 
round  steel  rods,  .258  of  an  inch  in  diameter,  and  8.85  inches  in 
length,  from  shoulder  to  shoulder,  at  each  of  which  pivots  are  form- 
ed ;  those  for  the  upper  ends  should  be  a  quarter  of  an  inch  long, 
and  about  .190  of  an  inch  in  diameter,  tapped  so  as  to  screw  firm  into 
the  upper  brass  cross  piece,  the  distance  from  the  centres  of  the  tap. 
ped  holes  in  the  traverse  or  cross  piece  requires  to  be  2.8  inches,  in 
order  to  give  freedom  for  the  jar  between  the  rods ;  the  length  of 
the  cross  piece  over  all  should  be  3.3  inches,  and  its  breadth  at  the 
places  where  the  rods  are  screwed  in  .450  of  an  inch.     At  the  middle, 
a  circular  part  is  formed,  .5  of  an  inch  in  diameter,  in  the  centre  of 
which  a  hole  is  tapped,  by  which  the  regulating  screw  may  raise  or 
lower  the  jar-frame  without  changing  the  place  of  the  index  point 
The  cross  piece  may  be  either  brass  or  steel,  though  the  latter  is  per- 
haps preferable :  the  pivots  on  the  lower  end  of  the  rods  may  be  of 
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the  same  diameter  as  those  on  the  upper  end,  but  a  little  longer,  and 
tapped  a  little  way  in  on  tiie  ends,  when  well  fitted  into  the  lugs  of 
tiie  brass  sole,  on  which  the  jar  rests,  and  sunk  a  little  way  down  in« 
to  it :  nuts  are  screwed  on  to  the  ends  of  the  pivots,  and  sunk  into 
the  lower  side  of  the  brass  sole  ;  care  must  be  taken  to  have  the  dis- 
tance between  the  centres  of  the  holes  in  the  sole  the  same  as  in  the 
cross  piece,  so  as  to  make  the  rods  stand  parallel  to  each  other*  To 
go  outside  of  the  frame  just  now  described,  another  is  made  to  which 
is  attached  the  pendulum  rod,  the  regulating  nut,  and  lower  sole,  in 
which  is  Axed  the  small  steel  index,  which  cannot  change  its  place 
after  being  properly  adjusted  to  it.  The  upper  cross  piece  for  this 
may  be  of  the.  same  thickness  as  the  former,  and  in  length  not  less 
than  4  inches ;  a  hole  is  tapped  near  to  each  of  the  ends,  and  their 
centres  are  distant  from  one  another  3.56  inches  nearly,  and  are  wide 
enough  to  allow  a  round  steel  rod  of  .23  of  an  inch  in  diameter  to 
pass  freely  through :  the  length  of  these  rods,  from  the  lower  side  of 
the  cross  piece  to  the  upper  side  of  the  lower  sole,  is  nearly  IQ.^  inches. 
The  lower  scAe  may  be  a  brass  wheel,  crossed  into  four,  the  centre  part 
being  large  enough  to  have  a  hole  tapped,  so  as  to  fix  the  steel  index 
in  it ;  the  diameter  of  the  wheel  is  the  same  as  the  length  of  the  up- 
per cross  piece,  which  is  4  inches,  and  the  thickness  .25  of  an  inch, 
or  a  little  more  :  this  sole,  in  which  the  index  is  fixed,  serves  also  as  a 
resting  part  for  the  pendulum,  when  it  happens  to  be  taken  from  its 
place.  The  upper  end  of  the  rods  is  formed  into  a  sort  of  double 
shouldered  screw,  the  tapped  part  is  a  little  more  than  a  quarter  of 
an  inch  long,  and  something  less  in  diameter ;  the  length  of  the  plain 
and  tapped  part  of  the  screw  is  about  .7  of  an  inch,  and  when  screw- 
ed into  the  upper  cross  piece,  it  bends  to  it;  the  lower  end  of  the 
pendulum  rod,  which  is  formed  something  like  an  inverted  and  com- 
pressed ^^,1  having  lugs  <x  soles,  through  which  the  screws  for  fix- 
ing it  pass.  The  regulating  screw  has  an  untapped  or  plain  part* 
which  turns  freely  in  a  hole,  in  the  middle  of  the  upper  cross  piece, 
formed  in  the  same  way  as  the  upper  cross  piece  for  the  jar-frame; 
the  nut  or  head  of  the  regulating  screw  is  shaped  so  as  to  lie  under 

the  hollow  of  the  ^^L«  ^^  ^  lower  end  of  the  pendulum  rod,  and  on 

the  upper  side  of  the  cross  jHece ;  the  lower  ends  of  the  rods  of  the 

outside   frame  are   gently   tapered,  and  fkted  into  holes  in  the  brass 

wheel,    through  ^e  edge  of  which  are  put  pins  to  fix  them  and  the 

wheel  together;  this  outside  frame  has  no  part  in  the  compensation: 

the  brass  cover  for  the  jar  has  the  lugs  hollowed  out  a  very  little,  so 

as  to  come  in  on  the  rods  of  the  jar-frame ;  the  ends  of  tiie  upper  tra- 
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T9nie  of  yfikiht  aa  irall  aa  die  liiga  of  die  jar  aofof  aie  hoUovredv  and 
take  in  with  a  part  ef  the  roda  of  tbe  outaide  fiame*  along  wUeh  die 
jar  frame  ia  moved  up  aad  down.  The  height  of  the  gkusa  jar  oulp 
^ide  ia  about  8  iachea,  and  ita  weight  and  other  dimenaioiia  aeariy 
the  aaae  aa  dume  aftated  for  the  former  pendulum*  and  tlia  diametar 

of  the  rod  and  ^^^  part  is  .258  of  an  inch. 

A  view  of  the  improved  mercurial  pendulum  is  given  in  Plate 
XV.  No.  69.  a  6  is  the  pendulum  rod,  c  c,  d  d,  the  stirrup  or 
frame,  within  is  the  frame  for  the  jar  a  /,  and  4  J^  are  the  soles  for 
the  jar  and  for  the  pendulum  ;  g  is  the  index  which  serves  to  show  bj 
the  graduated  plate,  fixed  to  inside  of  the  clock-case,  the  number  of 
degrees  and  nunutes  swung  out  by  the  pendulum,  S  the  regulating  screw, 
and  t,  the  jar  cover. 

Philosophers  seem  not  to  be  agreed  respecting  the  expansion  of  mercu- 
ry, in  comparison  with  that  of  other  metals,  some  making  it  16  times, 
odiers  16  times  greater  than  that  of  iron. 

In  regard  to  the  column  of  mercury  for  a  mercurial  pendulum, 
something  depends  on  its  diflmeter  as  well  as  height;  suppose  the 
length  of  steel  to  be  43  inches,  and  the  column  of  mercury  7.5  inch- 
es in  height,  and  2  inches  in  diameter,  which  were  the  dimensions 
used  in  a  pendulum  brought  nearly  to  its  state  of  compensation,  we 
may  then  find  how  many  times  the  expansion  of  this  column  is  con- 
tained in  the  43  inches.  Say,  as  48  inches  is  to  74,  the  expansive 
ratio  of  steel,  so  is  7.5  inches  of  mercury  to  its  expansion  for  com* 
pensating  steel. 

Length  of  steel  43  inches     -        -        -        log.     1.6334685 
Ratio  74  .....        log.     1.8692317 

3.6027002 


Height  of  column  of  mercury  7.6  inches         log.     0.8760613 
Ratio,  424.26 log.     2.6276369 

3.6027002 


By  this  process,  it  appears  that  the  expansion  of  mercury  is  not 
qaile  6.76  timaa  diat  of  oleeL  A  p^kduhim,  whose  vibrntiona  aie 
three  or  four  degreee  on  each  aide  ef  the  point  of  rest,  will  require  a 
edamn  leas  in  hei^  than  that  which  vibrates  only  one  degree; 
hence  it  is  a  veiy  nioe  malter  io  give  precise  nilea  for  making  anei^ 
coaial  penduhim  that  ahaU  at  once  be  at  the  point  of  perfeot  ooin- 
penaatioOi 

If  die  steel  rod  o  6,  and  rods  of  the  jar  frame  of  a  nuercurial  pen- 


tuimiii  are  l&agtuemi  by  iwat,  die  jar  «  /»  conteining  die  mereurf , 
wMf  ftein  dib  eeuae,  be  let  lower  dowe,  end  die  centre  of  oscffladon 
be  eaffried  fiffdMt  freni  die  point  of  eaepcBMon ;  but  the  heat  whieh 
hmgfcene  the  red  wiB  at  the  aame.  time  eiqwnd  the  meiciuy  ojywards, 
and  by  tUa  meana  te  eeobre  of  oacilation  ia  kept  alwaya  at  the  aame 
dblance  limn  dbe  point  of  anapenaion.  When  the  rods  are  contract- 
•d  er  ahortened  by  coldt  the  mercury  will  also  be  contracted  by  it» 
and  hence  the  lengdiening  or  ahortening  of  the  pendulum  rod^  by  heat 
or  cMi  ia  oompenaated  by  equal  and  oppoaite  ezpanaiona  or  contrac* 
tioaa  of  the  mercury. 

The  mercurial  pendulum  at  the  clock  in  the  Royal  Obaerratoiy  of 
Edinburgh,  had  (aiker  two  adjustmenta  being  made  finr  compenaation,) 
aiboul  87600  graina  Troy  in  the  glaaa  jar,  aay,  16lb.  2oz.  lOdwt  Troy, 
(about  ISi  lb.  uToirdupoiB.)  The  height  of  the  column  of  mercury  about 
9 A  mohaag  and  diameter  about  2.087  incbea. 

M*  Lalande,*  on  taking  notice  of  docka  fitted  for  the  uae  of  aatrono- 
VMia,  mtyBf  **  Pendulum  roda  which  conaiat  only  of  a  aan^  bar  of  iron, 
win  lengthen  about  one-IIAh  of  a  line,  neorJ^  the  .0178  of  an  Bi^iidi 
cacA,  for  80^  of  Heaummfa  thermometer,  ao  that  being  regulated  in 
aumaner,  the  clock  will  gain  in  winter  SO  aeconds  a  day."  It  ia  then 
iliaitnal  for  aalninonmra  to  haive  the  pendulum  rod  compoeed  in  auch 
a  way  aa  to  correct  tUa  expanaion  and  contraction  of  metala  ;  aeveral 
medioili  for  due  puipoae  wiU  be  found  in  hooka  juat  now  quoted ;  aee 
Aat  ef  the  Gndjnm,  eontiived  by  Harriaon  about  the  year  1726, 
and  which  ia,  without  doubt,  die  beat  of  all  diose  that  have  been  pr(^ 
poeed  Graham  made  op  one  of  them,  in  1740,  for  the  Earl  of 
Maoeleafield ;  moat  of  the  docka  for  aatronoaaera  are  fitted  up  on  dlis 
pimeiple.  M.  Lepaute,  M.  Berthoud,  M.  Robm,  and  M.  Jaarier, 
at  Faiis,  have  made  a  great  number  of  diem,  and  diey  anawer  die 
end  in  the  moat  complete  manner. 

The  gridiron  penduhun  ia  compoaed  of  nine  voond  roda,  five  of 
nMch  are  made  of  ateel,  and  feoa  ci  braaa,  and  ia  repreaented.  No.  70, 
Plate  XY.  where  the  alael  roda  are  diaiinguiahed  fixan  the  braaa  onea 
bf  a  daiker  ahade.  Aa  it  aame  what  raaemUea  the  eonmon  grUwon 
in appeiaaaee, it henee p«6bably received  ita  preaant name.  Notmaiqr 
yeart  after  thia  waa  produced,  the  Franch  artiata  contrived  a  varie^ 
ef  compenaation  pend^ma,  but  the  gridiron  aeema  to  be  the  one  new 
gmenUy  adopted  by  dMnn.    The  fcat  pendahmi  of  diia  Und  whadi 

« 

*  M.  Lalande  lost  aa  excellent  MtrooomicU  clock,  by  allowing  it  to  go  ttn  yeori 
without  deaoini^  or  eren  giring  it  fresh  oil. 
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wemadewaa  nparly  40  years  ago.;  and  knowiag  that  Mr.  Cumiiiiiig 
bad  sotue  practice  in  this  way,  be  was  applied  to^  and  very  obij^ing* 
ly  sent  a  drawings  and  the  difierent  lengths  for  the  brass  and  steial  rods, 
which,  on  being  tded  for  some  years  afterwards,  was  found,  on  the 
whole,  to  be  tolerably  correct ;  but  not  quite  so  aocumte  in  the  eompei^ 
sation  as  could  have  been  wished.  1  rom  an  abstract  of  the  going  of 
a. clock  with  this  pendulum,  it  appeared,  that,  during  the  tempemtuaB 
from  46  to  48  degrees  of  Fahrenheit's  thermometer,  it  kept  meaa 
time.  A  temperature  ten  degrees  lower,  made  the  clock  gain  at  the 
rate  of  nearly  half  a  second  in  a  day,  and  10  degrees  higher,  (that  is 
about  6S^)  made  the  clock  lose  about  as  much. 

The  lengths  of  the  rods  were,  outside  steel  rods  from  pin  to  pin« 
29.5  inches;  middle  steel. rod  from  upper.end  of  the  pendulum  spriiE^ 
to  the  pin  at  the  lower  endv  'Sl^  inches ;  inaide  rods  froin  pin  to  pia, 
24.5  inches ;  from  the  pinning  of  the  lower  end  of  the  outside  steel 
rods  to  the  centre  of  the  ball,  five  inches  ;  making  in  all  90.25  inches 
of  steel,  to  be  compensated  by  the  brass.  Outside  brass  rods  firom 
pin  to  pin,  26.87  inches;  inside  ditto,  22.25  inches,  being  in  all  49.12 
inches  of  brass.  The  length  which  the  brass  ought  to  have,,  may 
thus  be  found  by  •  tiie  inverse  rule  of  proportion.  As  90.25  incbeaii 
is  to  74,  the  number  for  the  expansion  of  steel,  according  .to  Beiw 
thoud,  so  is  121,. that  of  the  expansion  for  brass,  to  the  length  of  hatm 
required;  that  is  90.2dx74-r*121  =49.4  inches  the  length  requip^ 
ed.  Although  the  deficiency  of  brass  here  is  veiy  little,  yet,  to  re- 
medy the  compensation,  a  greater  number  of  inches,  both  of  brass  and 
steel,  must  be  taken,  before  this  pendulum  can  be  made  complete.  A 
description  of  such  an  one  shall  now  be  given. 

The  1^4gtb  of  the  outade  steel  rods  from  pin  to  pin,  in  the  upper- 
most and  lowermost  traverses  or  brass  cross  pieces,  a,  5,  c,  d,  is  36  ith* 
ches,.  the  next  or  innermost  steel  rods,  from  their  pinning  in  the  s^ 
co|id  uppermost  traverse  m,  to  that  in  th^  second  lowermost  n,  is  35 
inches ;  the  steel  centre  rod  from  the  pinning  of  it,  in  the  third  low- 
ermost traverse  o,.  to  the  upper  end  of  the  pendulum  spring,  is 
37.625  inches,  or  37  inches  and  f  of  an  inch,  the  centre  c  of  the  bail 
beiaw  the  pinning  of  the  outside  steel  rods  and  index  rod,  is  3.94  in^ 
q\^  ;  the  putermost  brass  rods  from,  their  pinning  in  the  uppermost 
traverse  to  that  in  the  second  lowermost,  is  the  smallest  quaotiity  pofh 
ipible  le§s  than '35*5 inches;  the  innermost  brass  rods  ij;om  their piar 
ning  in  the  second  uppermost  traverse  to  the  third  lowest  .one,  is 
34.5.  inf4i08.  The  whole  length  of  the  steel  is  then.  112.568  inches, 
and  that  of  the  brass  71  inches.  The  diameter  of  the  rods  about  one 
quarter  of  an  inch,  the  brass  rods  a  little  more  in  diameter  than  the 
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■tMl;  tbB  profwitioMijn^  beas  26  is  to  38.    The  dblanoe  fiom  die 
centres  of  the  two  outaide  ileel  rods  is  2.6  inches ;  the  rods  are  {liiiced 
equi-distant  from  one  another,  only  there  is  a  little    more  space  left 
between  the  two  brass  rods  neaiest  the  middle  steel  rod,  in  order  to 
five  room  for  the  fork  to  come  in  and  clip  the  middle  steel  rod.    The 
two  outside  steel  rods  are  prolonged  below  their  pinning  in  the  low- 
est traverse,  as  seen  below  c  d,  about6or6  inches  within  the  ball,  in 
order  to  keep  it  pnpperly  flat  in   the  plane  in   which   the   pendulttm 
ehould  swing*    In  the  middle  of  the  lowest  traverse  c  d,  is  pinned  a 
eteel  rod  e  yi  somewhat  more  than  a  quarter  of  an  inch  in  diameter, 
and  about  nine  inches  long;  this  rod  goes  through  the  diameter  of  the 
ball,  equal  portions  being  round  it;  the  lower  end/ is  formed  into  a 
taper  and  sharp  point  as  an  index  for  the  dagree  plate,  fixed  to  the  inside 
bftckof  the  case,  and  for  four  inches  or  so  below  the  upper  end;  il 
is  tapped  at  that  part  which  lies  near  to  the  centre  of  the  ball.    A 
thin  cross  piece  oi  brass  is  fixed  lo  die  inside  of  the  ball  before  filling 
it  with  kad,  the  lowest  side  of  which  is  in  a  line  across  the   centra 
boiixontally ;  the  ends  of  the  two  outer  steel  rods  and  the  c^stre  <« 
inner  rod,  pass  easily  durough  this  cross  piece  of  brass:  a'  hoDow 
lid)e  comes  up  within  the  ball  as  far  as  the  under  side  of  the  inside 
cross  piece,  on  the  end  of  which,  where  the  cross  piece  and  ball  reet, 
is  fixed  within  it  a  tapped  nut,  which  screws  upon  the  tapped  part  of  the 
index  rod*    On  the  lower  end  of  the  tube  ia  soldered  a  sort  of  flat 
conical  head  hf  milled  on  the  edge  outside,  whose  diameter  may  be 
an  inch,  or  an  inch  and  a  quarter.     On  the  upper  sur&ce  of  this  nut 
are  tiaced  two  circles,  in  order  to   put  divisions  between  them  and 
figures,  so  as  to  correspond  with  the  turns  of  the  screw  in  an  inch* 
A  small  steel  indexe  is  screwed  on  to  the  lower  part  of  the  ball  to  point 
at  these  divisions ;   the  lower  end  of  the  tube  is  a  litde  below  dw 
edge  of  the  ball,  that   it  may   rest  freely  on  the  upper  end  of  the 
tube*    The  total  lengdi,  from  the  upper  end  g  of  the  pendulum  spring  to 
the  index  point  f,  is  47.76  inches,  a  length  of  radius    which  will  re- 
quire the  length  of  a  degree  on  the  degree  plate,  to  be  .833142  of  an 
inch.    The  distance  fimn  the  upper  end  of  the  pendulum  spring  to  the 
centre  of  the  ball  is  42.6   inches  very  nearly,  so  that  the  centre  of 
the  ball  is  about  3*3  inches  bdow  the  centre  of  oscillation.    The 
lowermost  traverse  c  d,  may  be  about  half  an  inch  thick,   and   its 
length  and    breadth    such  as  to    give  it  sufficient  strength  to  receive 
die  outside    steel  rods,  and  the  centre  or  index  rod;  the  uppermost 
travenae  o  6   is  nearly  of  the  same  dimensions ;   die  second  lower- 
most traverse   »,  and  the   second   uppermost,   m,  are  nearly  xyf  the 
same  size,  and  almost  equal  to  that  of  the  uppermost  and  lowennost, 
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oalj  they  ara  a  litlld  Sorter,  having  in  their  ends  a  tort  of  half  hirtei 
through  whioh,  in  the  second  loweimost  tiaverae,  the  outer  steel  rode 
pass  easiljy  and  through  theae«  in  the  uppermost  traverse,  the  out- 
side brass  rods  freely  pass.  This  traverse  is  of  course  a  little  shor^ 
er  than  the  second  lowermost ;  in  the  second  lowermost  traverse  is  pin- 
ned the  ends  of  the  outennost  brass  rods ;  and  in  the  seccmd  upper- 
most traverse  are  pinned  tibose  of  the  innermost  steel  and  brass  rods ; 
in  the  third  lowest  traverse  is  pinned  the  innennoet  brass  rods,  and 
the  centre  steel  rod ;  the  dimensions  of  this  are  nearly  the  eaane  as 
the  second  uppermost  and  lowormost,  only  shorter,  having  a  half 
hole  at  the  ends,  through  which  the  inner  steel  rods  pass  freely^ 
There  is  a  hole  in  each  of  the  two  uppermost  traverses,  threvgl 
which  the  centre  rod  passes*  freely.  Towards  the  loWer  ends  of  the 
centre  steel  rod«  and  those  of  the  innermost  brass  rods,  are  two  sets 
of  holes,  by  which  the  third  or  upper  of  the  lower  tmveraes  ean  be 
moved  or  shifted  up  three  or  six  inches,  should  Ae  compensation  be 
found  in  excess.  It  would  be  convenient,  when  shifting,  to  have  a 
piece  similar  to  this  traverse,  and  three  spars  pins;  this  piece  being  Mke  a 
half  of  the  traverse^  it  may  then  be  applied  to  the  three  rods,  and  pin- 
ned, but  not  to  the  place  where  the  shiAing  is  to  be  made.  This 
piece  will  prevent  tiie  rods  shifting  away  from  one  another,  and  wiM 
allow  the  traverse  to  be  moved,  and  fixed  to  the  intended  plaee* 

Two  thin  pieces  of  brass,  p  9,  r  «,  must  be  provided,  havaig  niae 
holes  in  them,  so  that  all  the  rods  can  move  easily  threu|^  them ;  the 
two  outermost  being  kept  rather  a  little  tighter  than  the  others;  these 
pieces  are  intended  to  prevent  tremulous  motion  in  the  rods  or  pen- 
dulum«  and  are  put  at  the  same  distance  from  the  upper  and  low- 
er tiaverses,  as  seen  No.  70.  The  pendulum  ball  is  composed  of 
two  firuslnms  of  equal  cones,  the  greater  diameter  is  seven  iBches^ 
the  lesser  four  inches,  and  the  height  half  an  inch,  giving  by  caku^ 
lation,  34.3474  cubic  inches,  the  weight  of  which  in  lead  is  9M17 
IIki  ThebaU,  when  filled  with  lead,  together  with  the  outside  brass 
ahdb  and  inside  cross  piece,  wei^bed  10  lb.  8  <xh  The  weight  of 
the  brasa  and  steel  rods,  traverse  pieces,  penduluas  spring,  and  top 
piece,  &Ck9  was  6  lb.  18  oz. ;  in  all  Id  lb.  6  02.  Tile  clock  te 
which  this  pendulum  was  put  was  a  month  one,  and  was  kept  going  by 
a  weight  of  7  lb.  7  oz.  We  cannot  help  thinking,  thatthis  pendukna 
appears  to  be  better  fitted  up  than  either  Cununing's  or  Bertliou<i^s. 

The  durd  lowest  traverse  being  shifted  up  three  inches,  theie  wiH 
then  be  this  quanfity  less  fix  brass  and  steel  than  has  been  befeve 
stated,  die   steel   wiO   be  36+85+37.628-f  3.94-^  ^  109.668  m- 


ctM,  mni  the  ioafeel  bnuM  veds  ni»y  h«  taken  at  35.49  4-  34*6-hI  :? 
<i6*99,    Tbeir  kogte  and  exiMuiaive  ratioa  nay  be  givon  diHa : 

Steel  109.568  iachea.           -        -        -        log.    2.0396838 
Ratio  74, log.     1.S692317 

3.9089155 

Bnaa  M.99  inoham     *        -        •        «        kg.    1.8M0100 
Ratio  121,         .        ^        .        .        .        kig.    S.oaS78M 

3.9087954 

The  difference  in  excess  of  compensation  is  here  extremely  little, 
and  is  on  the  side  of  the  steel  rods,  being  scarcely  an  inch  too  much. 
In  taking  into  account  the  length  of  the  rods,  those  on  one  side  along 
with  the  centre  rod  are  only  taken  ;  those  on  the  other  side  serve  as  a 
kind  of  counterpoise,  for  giving  an  appearance  of  imifbrmity  to  die 
pendohmi,  and  for  preventing  the  weight  of  the  pendulum  ball  from 
bendmg  the  rods,  which  it  would  do  were  Ihey  afl  on  one  side.  The 
manner  of  compensation  may  be  thus  explained :  The  steel  rods  go 
downwards  when  expanded  by  heat,  and  the  brass  rods  from  the  like 
cause,  go  upwards,  and  thus  counteract  the  effect  of  heat  on  the  lengffi 
of  the  pendulum.  A  degree  of  cold  will  contract  or  shorten  the 
steel  rods ;  this  will  tend  to  bring  the  ball  of  the  pendulum  up  ;  but  the 
brass  rods  contracting  at  the  same  time,  allow  tiie  ball  to  go  downwards, 
by  which  the  effect  of  c'bld  on  the^  length  of  the  pendulum  is  counter- 
acted ;  so  that  whatever  the  temperature  is,  the  centre  of  oscillation 
keeps  always  at  an  equal  distance  from  the  point  of  suspension,  and 
hence  the  length  of  the  pendulum  is  constantly  and  invariably  the  same^ 
The  comparative  lengths  of  brass  and  steel  rods  may  be  computed  by 
any  other  expansive  ratio  dian  those  of  Berthoud,  which  we  have  used, 
such  as  those  by  Smeaton,  or  by  that  ingenious  artist  Trougfaton.  Their 
differences  will  vary  a  little  from  Berthoud,  but  they  will  be  veiy  tri- 
fling. It  will  require  long  experience  to  know  which  are  the  best 
founded,  as  the  going  of  astronomical  clocks  may  be  affected  by  other 
causes  which  have  no  connection  with  the  compensation  of  the  pendu- 
lum rod. 

A  considerable  time  alter  the  gridiron  pendulum  was  produced* 
aome  ad<^ted  ^inc  rods  in  place  of  brass,  and  from  their  greader  ex- 
pansibitity,  fewer  were  required)  three  of  steel  and  two  of  sonc  being 
auffioieat  for  the  compensation  i  but  auch  of  them  as  we  have  seen 
aiyeared  to  have  the  »nc  rods  of  a  greater  length  than  they  shonU 
have  haen*  acoofding  to  the  comparative  expansions  of  nine  mi  slack 
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They  had  also  a  large  cavily  in  the  upper  part  of  the  baD  for  lodging 
the  lower  traverse,  which  took  away  much  of  the  momentum  or  force  of 
the  ball ;  and  the  holes  for  shifttng,  being  at  the  upper  ends  of  ihe  rodSy 
rendered  it  veiy  inconvenient  to  adjust  the  compensation. 

The  following  lengths  should  answer  veiy  well  for  a  pendulum  of 
this  kind :  The  length  from  pin  to  pin,  in  the  upper  and  lower  traver- 
ses of  the  two  outside  steel  rods,  should  be  27  inches,  and  6  or  6  inches 
more  beyond  the  lower  traverse,  to  go  within  the  ball,  for  the  same 
purpose  that  was  mentioned  for  one  having  brass  rods;  from 
the  pin,  in  the  lower  end  of  the  middle  steel  rod,  which  is  in  a  tiar 
verse  just  above  the  lower  one,  to  the  upper  end  of  the  pendulum 
spring,  should  be  36.75  inches ;  from  the  pin  in  the  lower  end  of  the 
middle  rod  to  the  centre  of  the  ball,  4.76  inches,  making  in  all  68.5 
inches  of  steeL  The  diameter  of  the  steel  rods  should  be  .25  of  an 
inch.  In  the  upper  traverse  is  a  hole,  through  which  the  middle 
steel  rod  must  freely  pass.  The  length  of  the  zinc  rods,  from  the 
pin  in  the  uppw  traverse  to  that  in  the  upper  of  the  lower  traversest 
is  25.34  inches,  and  their  diameter  .27  or  .28  of  an  inch  or  up- 
wards: there  may  be  holes  put  near  the  lower  ends  of  the  middle 
and  zinc  rods,  for  adjusting  the  compensation,  like  those  in  the  brass 
rods ;  the  ends  of  the  upper  and  lower  traverses  must  have  half  holes, 
taking  in  with  the  outside  steel  rods,  pieces  for  preventing  tremulous  mo- 
tion, and  the  manner  of  fitting  up  the  pendulum  ball  and  reguhiting  nut, 
&C.  as  has  already  been  described  for  the  gridiron  pendulum^  The 
lengths  and  expansive  ratios  may  be  put  thus : 

Steel,  68.5  inches        -        -        -        -        log.     1.8356906 
Smeaion's  ratio  for  steel  138    -        -        .        log.    2.1998791 


3.9755697 


Zinc,  26.34  inches      ....        log.     1.4038609 
Do.  for  Zinc,  .373  ....        log.    2.5717088 


3.9756697 


Pendulum  balls  composed  of  two  equal  frustums  of  cones,  an  edge 
view,  or  section  of  one  of  them  is  seen  at  S,  No.  78,  Plate  XYI. 

In  this  pendulum,  as  in  the  gridiron  one,  the  steel  rods,  when  heat- 
ed, go  downwards,  and  the  zinc  rods  upwards  ;  it  is  the  reverse  when 
cold  takes  place.  The  zinc,  which  is  used  in  these  pendulums,  must  al- 
ways be  understood  to  be  that  which  is  hammered  half  an  inch  per 
foot ;  when  hammering  a  bar  or  rod  of  zinc,  it  is  necessary  to  have 
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il  very  hot  to  prerent  il  ttpmg  or  braakmg ;  hAmmeriiig  mttkes  it  btve 
more  ftxpiinaihyity,  but  fiiietlier  it  expmndB  as  muck  as  Ward  makes  it» 
lemains  to  be  determined. 

ElUcoWs  Penduhm. 

Not  many  years  after  Harrison's  pendolam  was  known,  Mr.  fiUicotty 
and  some  of  the  Fmnch  artists,  contrived  compensation  pendulums 
in  difiecent  ways,  most  of  them  having  the  ball  adjustable  by  levers, 
which  can  never  be  equal  to  those  in  which  the  expansion  and  coQtmo- 
tion  act  by  contact  in  the  direct  line  of  the  pendulum  rod.  Mr,  EUi- 
eott  was  a  very  ingenious  artist  of  the  old  school,  as  appears  from  sev- 
eral of  his  woiks ;  and  his  pendulum  evinces  great  ingenuity  in  its 
construction. 

Ellicott's  pendulum,  shown  in  Plate  XY.  71,  consisted  of  two 
bars,  (me  of  which  a  h  was  of  brass,  and  the  other  of  iron  or  steel* 
Mr.  Cumnung  conceived,  that  where  there  were  two  bars  only,  a 
.flexure  and  unequal  bearing  would  take  place,  and,  therefore,  an 
exact  compensation  could  not  be  effected.  To  remedy  this,  he  con- 
structed the  pendulum  with  two  steel  bars,  and  <me  bar  of  brass, 
as  shown  in  No.  3.  Into  the  lower  end  of  the  brass  bar  abf 
No.  1,  was  let  one  half  of  the  diameter  of  a  small  steel  roller  r,  the 
other  half  being  let  into  a  movable  brass  piece,  having  two  short 
arms  1, 2.  These  arms,  by  the  levers  m  o  2,  n  o  1,  moving  round 
s  0  as  fulcra,  make  the  roller  press  equally  on  the  lower  end  of  the 
brass  bar.  The  steel  roller  marked  r,  has  a  fillet  raised  up  on  each 
end,  for  the  purpose  of  keeping  this  part  of  the  brass  bar  at  an  equal 
distance  from  the  steel  bars.  The  lengdi  of  the  brass  bar  a  b  should 
be  39.26  inches  firom  the  upper  end  which  is  square,  to  the  lower  end 
which  is  rounded ;  its  breadth  three  quarters  of  an  inch,  and  its 
thickness  at  least  one  eighth  of  an  inch.  The  steel  bars  are  in 
length,  from  the  upper  square  ends  to  the  centre  of  the  baD,  nearly 
where  the  short  arms  of  the  levers  act  on  the  movable  brass  piece, 
about  39.75  inches;  and  the  bars  are  lefl  broader  here,  so  as  to  be 
about  one  inch  and  a  quarter ;  and  this  breadth  is  prolonged  below 
the  end  of  the  brass  bar  three  quarters  of  an  inch  or  more.  The 
thickness  of  the  steel  bars  is  one  tenth  of  an  inch,  and  their  breadth 
three  quarters.  The  back  steel  bar  has  no  opening  in  it ;  but  the 
front  bar  has  one,  which  is  represented  in  the  drawing  at  A,  No. 
2.  In  order  to  see  the  action  of  the  levers  on  both  arms  of  the 
movable  brass  piece,  a  cavity  $  «,  71,  is  lefl  for  this  purpose  in 
the  ball.  A  piece  of  glass  is  inserted  in  the  opening,  so  as  to  pre- 
vent dust  from  getting  into  this  part  of  the  pendulum.      This  broad 
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part  of  the  steel  ban  serves  as  a  kind  of  frame,  on  wUeh  are  screwed 
two  pieces  of  brass  of  the  same  figure  as  the  steel  ban,  to  connect 
them  with  that  steel  part  of  the  lower  end  of  the  pendulum  rod  which 
goes  through  ike  ball,  on  which  is  a  nut  and  screw,  and  a  strong 
double   spring  <«  in  71,  for  the   purpose  of  taking  off  somewfaal 
of  the  weight  of  the  ball,  according  as  it  bean  too  much  or  too  little 
on  dbe  short  arms  of  the  leven.    The  levers  are  shown  at  71  and 
No.  1  ;   the  screws  and   lower  end   of  the  pendulum   rod  the  nut 
N,  and  double  spring  S  S,  in  71.     The  use  of  the  nut  and  screw 
is  to  adjust  the  strength  oi  the  spring,  as  they  have  nothing  to  do 
in  the  regulation  of  the  pendulum  for  lime  to  the  clock,   which  is 
done  by  an  apparatus  fw  this  purpose  at  top  connected  with  the  pen- 
dulum spring.     In  the  brass  pieces  which  are  screwed  on  to  the  broad 
part  of  the  steel  bars,  the  pivots  o  o  of  the  levera  turn.     There  is  a 
piece  of  brass  put  on  at  top,  formed  so  as  to  interpose  a  little  way 
down  between  the  brass  bar  and  the  steel  ones,  keeping  them  at  a 
proper  distance  from  one  another.    The  sides  near  to  the  square  ends 
of  the  ban  and  this  piece  of  brass  are  firmly  pinned  or  screwed  to- 
gether.   It  is  in  this  jHece  of  brass  that  the  lower  end  of  the  pendu- 
lum spring  is  fitted ;  the  upper  end  being  fixed  to  a  piece,  which  is 
movable  up  and  down  in  a  fixed  frame  by  a  nut  and  screw.     The 
pendulum   is   lengthened   or   shortened  according   as  the  pendulum 
spring   is  let   out  or  brought  within  that  part  of  the  frame  through 
which  the  spring  passes*    The  ban  of  the  pendulum  are  connected 
by  four  or  five  screws,  equal  spaces  being  taken  for  their  places  be- 
tween the   centre  of  the  ball  and  the   square  or  upper  end  of  the 
ban.      The    back  bar  is    tapped  to  receive  the   screws,  which  go 
through  holes  made  in  the  firont  sted  bar  to  let  them  easily  pass* 
On  the  shank  or  body  of  the  screws  are  fitted  hollow  cylinden,  either 
of  brass  or  steel,  and  of  such  a  length,  that  when  the  screws  are  put 
home  there  shall  be  no  pinching  of  the  firont  steel  bar  by  the  head  oi 
the  screws.    Rectangular  openings  are  made  in  the  brass  bar,  fotthe 
hollow  cylinden  to  come  through,  whose  length  may  be  about  equal 
to  twice  the  diameter  of  the  cylinders,  and  so  that  the  brass  bar  may 
easily  move  on  them,  by  any  small  motion  they  may  have  in  contract* 
ing  or  expanding.     On  each  of  these  cylinden  is  put  two  loose  brass 
coUets  or  washen,  one  between  each  steel  bar  and  the  brass  bar,  to 
keep  them  free  of  each  other.     Their  thickness  should  be  at  least  .04 
of  an  inch,  so  as  to  allow  the  air  to  pass  fi*eely  between  them.     The 
small  hollow  cylinden,  through  which  the  screws  pass  when  connect- 
ing the  bars,  should  go  easily  into  the  front  steel  bar,  the  lower  base 
bearing  on  the  inside  of  the  back  steeJ ,  bar.     The  upper  base  should 
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te  abQve  die  sivfroe  of  the  front  btft  Aallj  more  Aan  the  tUckneai 
of  etroag  wnling  paper,  so  that  when  the  screw  is  put  home,  the 
ahottkler  of  it  may  not  pinch  the  har.  The  edges  of  all  the  bars 
ahouM  be  chamfered  off  from  each  side,  so  as  to  form  an  angle  in  the 
auddle  plane  of  their  thickness,  for  the  purpose  of  giving  them  a 
hfjbt&r  appoaranco,  and  making  them  less  susceptible  of  the  resist- 
ance of  the  air.  The  diameter  of  the  pendulum  ball  may  be  seven 
inches  and  a  half,  and  its  thickness,  at  the  centre,  about  two  inches 
and  a  quarter*  In  the  edges,  and  in  the  line  of  the  diameter  hort* 
afiontally  aeroaa,  are  placed  two  kMig  and  stout  screws  g  g^  71, 
whose  heads  have  graduated  circles  on  them,  and  are  near  the  edge  of 
the  ball,  and  an  index  i  «  to  each.  The  inner  ends  of  the  screws 
shown  |U  •  «,  are  turned  of  such  a  shape,  so  as  to  apply  by  one  p<Mnt 
only  on  tfie  long  arms  of  the  levers  m  fi,  as  seen  in  71.  The 
firont  shell  of  the  pendulum  ball  is  fixed  on  by  four  screws.  It  has 
been  objected  by  some,  that,  from  the  weight  of  the  ball,  the  brass 
rods  in  a  compensation  pendulum  are  oompiessed,  and  the  steel  rods 
stretched ;  a  matter  of  no  moment  whatever,  in  our  opinion.  This 
may,  however,  in  some  degree,  be  remedied  in  Ellicott's  pendulum, 
by  making  the  brass  bar  of  such  a  length,  as  to  come  throuf^  and 
b0low  the  lower  edge  of  the  ball,  in  place  of  the  steel  part,  which  was 
common  to  both  steel  bars,  as  has  just  now  been  described.  This 
part  q£  the  brass  bar  is  tapped,  having  on  it  the  nut  and  strong 
double  spring,  which  takes  off  a  part  of  the  weight,  as  has  been  no- 
ticed. A  certain  portion  of  the  weight  of  the  ball,  will,  in  this  case, 
bear  on  the  brass  bar ;  suppoarag  it  one-third  of  the  weight,  the  r^ 
maining  two-thirds  will  be  carried  jointly  by  the  steel  bars.  Al- 
though the  brass  bar  is  here  earned  through  the  ball,  it  is  easy  to 
put  a  piece  to  it,  movable  on  a  pivot  in  the  middle  of  the  bar,  hav- 
ing two  lugs  applying  to  the  edges  of  the  bar,  on  which  the  short 
arms  of  the  levers  m  n,  may  act,  as  was  the  case  in  the  other  by  the 
movable  brass  piece. 

Things  being  in  this  situation,  let  us  suppose  that  the  bars  com- 
posing the  pendulum  rod  are  lengdiened  by  heat,  and  that  the  brass 
lengthens  more  than  the  same  length  of  steel  does ;  then  the  brass 
bar  o  i,  by  its  excess  of  expansion,  will  press  down  the  short  ends  of 
the  levers  m  n,  at  6,  and  consequently  raise  up  the  ball,  which,  by 
the  screws  t  «,  rest  on  the  long  arms  m  n,  of  the  levers ;  and,  pro- 
vided the  ends  of  the  screws  press  on  the  levers  at  a  proper  distance 
from  the  centres  o  o,  the  ball  i^  be  always  kept  at  the  same  distance 
from  the  point  of  suspension,  notwithstanding  any  alteration  the  rod 
of  the  pendulum  may  experience  from  heat  or  cold.     What  this  die- 
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tance  ought  to  be  may  very  neariy  be  detennined,  if  the  difference  of 
the  expansion  between  brass  and  steel  is  known ;  for  the  proportioo 
which  the  shorter  arms  of  the  levers  ought  to  bear  to  the  longer  ones, 
wiU  always  be  as  the  excess  of  the  expansion  is  to  the  whole  expansion 
of  the  steel.  Instead  of  the  brass  heads  of  the  screws  being  placed 
near  the  outer  edge  of  the  ball,  they  may  be  more  advantageously 
placed  within  the  ball,  at  the  distance  of  about  an  inch  and  a  quarter 
from  the  edge,  as  shown  in  71. 

See  Phil,  Trans,  1761,  p.  479,  and  a  pamphlet  which  Mr.  EHicolt 
published  in  London  in  1763.  For  an  account  of  the  improvement  made 
upon  it  by  Mr.  A.  Gumming,  see  his  BUemenla  of  Clock  and  Waiehmakingf 
p.  107. 

SmecttonU  Penduhm* 

Mr.  Smeaton's  compensation  pendulum  (Plate  XV.  72,)  consists  of 
a  glass  rod  A  B,  half  an  inch  or  more  in  diameter,  and  46.6  inches 
long.  To  the  upper  end  is  fixed  the  pendulum  spring ;  to  the  lower  a 
screw  9,  and  regulating  nut  n.  A  brass  tube  or  ring  m,  of  an  inch  or  so 
in  length,  is  put  to  move  easily  on  the  lower  end  of  the  rod,  having  a 
fillet  at  each  end,  one  bearing  on  the  regulating  nut,  the  other  sup- 
porting the  zinc,  iron,  and  lead  tubes,  which  compose  what  may  be 
called  the  pendulum  ball.  The  zinc  cylinder  or  tube  is  12i  inches 
in  length,  ^th  of  an  inch  thick,  and  fits  easily  on  the  glass  rod,  the 
lower  end  resting  on  the  upper  fillet  of  the  brass  ring.  On  the  zinc 
tube  is  put  another  of  iron,  12  inches  long,  and  ith  of  an  inch  thick, 
easily  movable  on  the  zinc  tube,  with  a  kind  of  bottom  to  it,  in  which 
is  a  hole  for  the  glass  rod  to  go  freely  through.  The  bottom  is  up- 
permost, and  rests  on  the  upper  end  of  the  zinc  tube.  The  lower 
end  of  the  iron  tube  has  a  fillet  on  its  outside,  on  which  rests  a  lea- 
den tube  of  12  inches  long,  and  ith  of  an  inch  thick,  and  which  goes 
easily  over  on  the  iron  tube.  The  outside  diameter  of  the  leaden 
tube  will  be  nearly  two  inches.  Although  this  pendulum  will  not  be 
thought  elegant  in  appearance,  yet  it  is  said  to  have  answered  the 
purpose  of  compensation  very  well.  A  section  of  the  rod  and  tubes 
is  shown  at  S. 

As  glass  does  not  suffer  mucl^  expansion  or  contraction  from  heat 
or  cold,  it  will  be  the  more  easily  compensated.  The  glass  rod  AB 
of  this  pendulum  being  supposed  to  lengthen  in  a  small  degree  by 
heat,  is  compensated  by  a  zinc  tube  of  twelve  inches  and  a  quarter 
long,  whose  lower  end  resting  on  the  lower  end  of  the  glass  rod,  would 
bo  carried  down  by  the  lengthening  of  the  glass  rod,  but  the  same 
cause  which  produces  this,  will  make  the  zinc  tube  expand  upwards. 
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niiich  will  cany  up  the  iron  and  leaden  tubes.  The  iron  tube  has  in 
this  case  Its  expansion  downwards,  and  the  leaden  tube  compensates 
by  having  its  expansion  upwards. 


Reid'a  Pendulttms. 

This  compensation   pendulum  (Plate  XYI.  74,)  is  composed  of  a 
xinc  tube  A  B,  and  three  steel  rods,  a  6,  c  d,  e/.     In  order  to  obtain 
a  proper  tube,  the  zinc  must  be  very  gently  fused  into  a  bar   about 
an  inch  square,  and  24.26  inches  long,  and  the  mould  into  which  it 
is  poured  should  be  upiight,  or  neariy  so.     Let  this  be  very  carefuUy 
hammered  to  half  an  inch  per  foot,  meanwhile  kee^g   it  pretty  warm 
to  prevent  cracking  or  breaking.     After  this  operation,  a  hole  is  pierc* 
ed  straight  through   the   bar,  from    end    to  end,  and  opened  up  by 
means  of  a  clean  cutting  broach,  until  it  is  .460  of  an  inch,  or  so, 
in  diameter.    The  outside  may  be  turned  down  till  it  is  .7  of  an  inch, 
or  less.     The  length  should  be  26.34  inches,  the  same  as  the  zinc 
rods  were  taken  at     The  steel  rods  must   be  a  quarter  of  an  inch 
in  diameter;  the  length,  from  pinto  pin,  in  the  upper  and  lower  tra^ 
verses   of  the  two  outside  steel  rods,  c  d,  e  /,  27  inches,  live  or  six 
inches  more  being  prolonged  to  go  within  the  ball.      In  the  middle 
of  the  lower  traverse  m  n,  is  pinned  a  steel  rod  g  A,  somewhat  more 
than  a  quarter  of  an  inch  in    diameter,  and  nine  inches  long,  which 
comes  through  the  centre  of  the  ball,  which  is  fitted  up  in  the  same 
way  in    eveiy  respect   as   was  described   for  the  gridiron  pendulum. 
The  steel  centre  rod  a  &,  goes  up  inside  of  the  zinc  tube,  from  a  pin 
in  the  lower  end  of  it,  which  is  in  a  traverse    a  very  little  above  the 
lower  one,  its  length,  including  the  pendulum  spring,  ,is  36.76  inches; 
from  the  pin  in  the  lower  end  of  the   centre  rod,  to  the  centre  of  the 
ball,  4.76  inches.     A  hole  in  the  upper  traverse  o  p  allows  the  ceur 
tre  rod  to  pass  freely    through.      The  lower   end  of  the  tube  rests 
on  the  traverse  g  r,  in  which  the  centre  rod  is  pinned.     The  upper  tra- 
verse bears  on  the  upper  end,  both  traverses  having  a  part  turned  from 
them,  about  one-tenth  of  an  inch  in  height,  and  of  such  a  diameter 
as  to  go  into  the    ends  of  the  tube,  for  the  purpose  of  keeping  it  to 
its  proper  place.     The  distance  from  the  centre  of  the  holes  in  the 
upper  and  lower  traverses,  about  1.26  inch,  which  will  be  enough  to 
make  the  two  outside  steel  rods  stand  clear  of  the  zinc  tube.     A  thin 
piece  of  brass,  with  three  holes  in  it  for  the  outside  steel  rods   and 
tube,   might  be  put  half  way  between  the  ends  of  the  tube,  to  pre- 
vent any  bending,  or  tremulous  motion,  a  thing,  however,  not  likely 
to  take  place.    It  would  be  proper  to  have  a  few   holes  in  the  tube, 
for  the  purpose  of  admitting  air  more  freely  to  the    centre  rod. 
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The  centre  steel  rod  a  &,  when  leogdieDed  by  heat,  will  neke  tte 
lower  end  B  of  the  zinc  tube,  (which  is  eupported  by  the  lower  end 
b  of  the  steel  rod  a  6,)  descend  with  it ;  but  the  seme  ceuee  which 
lengthens  the  steel  rod  a  6  downwards  will  expand  the  zinc  tube  A 
B  upwards,  and  this  will  carry  up  the  two  outside  steel  rods  with  which 
the  ball  of  the  pendulum  is  cminected :  their  expansion  downwards, 
as  well  as  that  of  the  centre  rod,  is  compensated  by  die  upward  ex- 
pansion of  the  zinc  tube.  The  length  of  the  steel  rods  and  of  the 
zinc  tube,  has  been  shown  to  be  in  proportion  to  their  expansive  ra- 
tios. 

It  is  about  fifteen  yean  since  we  contrived  and  made  tins  kind 
of  compensation  penduhun,  which  seems  to  do  very  well.  The  fol- 
lowing is  of  anodier  kind,  but  we  never  had  it  put  in  execution,  al« 
though  there  is  no  doubt  but  it  would  serve  the  purpose  extremely  well, 
notwithstanding  the  risk  arising  from  tibe  brittleness  of  the  glass. 

Provide  a  white  glass  tube,  A  B,  Plate  XYL  76,  whose  outside  di- 
ameter is  fths  of  an  inch,  its  inside  diameter  fths^  and  its  length  64  inch* 
es.  Such  a  tube  may  be  supposed  equal  in  strength  to  a  solid  glass  rod, 
and  will  be  considerably  lifter.  Make  a  zinc  tube  D£,  from  a 
square  bar,  hammered,  &c.  in  tibe  same  way  as  has  just  now  been  direct- 
ed, its  length  being  16.3  inches,  audits  inside  diameter -ftfas  of  an  inch, 
or  as  much  more  as  will  allow  it  to  move  freely  up  and  down  on  the 
outside  of  the  glass  tube.  If  the  thickness  of  the  zinc  tube  is  -(th  of 
an  inch,  it  ought  to  answer  very  well ;  if  it  is  somewhat  thicker,  it  may 
answer  even  better.  There  must  be  a  core  of  brass  fitted  to  each  end 
of  the  glass  tube,  ground  gently  into  the  glass,  and  fixed  in  by  some 
of  the  lime  cements.  To  make  the  fixing  more  secure,  a  hole  might 
be  bored  through  the  tube  and  core,  about  half  an  inch  from  each 
end  of  the  tube,  and  a  copper  pin  put  through  them.  The  core  in 
the  lower  end  must  have  a  small  cjdindrical  piece,  or  wire  formed 
from  it  of  .3  or  .4  of  an  inch  in  diameter,  stretching  1.6  inch  beyond 
the  end  of  the  glass  tube,  and  tapped  for  the  nut  inside  of  the  zinc 
tube  to  work  upon.  The  regulating  nut  D  should  be  under  the  pen- 
dulum ball  e,  yet  a  litde  free  of  it,  as  it  would  be  difficuh  to  get  at  it, 
were  it  placed  near  the  lower  end  of  the  rod.  The  cord  at  the  upper 
end  has  also  a  part  of  the  brass,  a  little  way  above  the  end  of  the  tube, 
for  the  purpose  of  fixing  in  the  pendulum  spring.  The  zinc  tube 
goes  up  to  the  centre  of  the  ball,  which  rests  on  the  end  of  it ;  the 
lower  end,  having  the  temped  nut  in  it,  beers  on  the  regulating  screw. 
The  nut  may  be  either  soldered  into  the  tube  or  not,  provided  it  is 
fast  there.  As  both  the  glass  rod  and  zinc  tube  are  round,  and  go 
through  the  baU,  it  will  be  requisite  to  have  something  to  keep  the 
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b«il  to  its  proper  swingiDg  pothioii.  For  this  parpofle«  let  a  braes 
tube  of  an  iadi  and  a  half  in  length*  be  fitted  tirangiy  eptrng  ti^ 
on  ^  glass  rod,  and  put  on  above  the  upper  edge  of  the  balL  To 
the  lower  end  of  the  brass  tube  or  socket  is  fixed  a  traverse  faecev 
into  which  are  fixed  two  steel  rods,  a  quarter  of  an  inch  in  diameter, 
and  six  inches  long.  Tbsse  go  within  the  ball,  in  the  same  manner 
as  the  lower  ends  of  the  outside  steel  rods  in  the  gridiron  pendokan. 
The  distance  between  the  holes  in  the  traverse  should  be  3  inches, 
that  is,  each  rod  should  be  distant  outside  1.6  inch  from  the  centre 
of  the  ^ass  tube.  When  the  traverse  with  the  spring  tube  is  once 
set,  so  that  the  ball  may  have  its  proper  position,  it  cannot  be  easily 
altered.  The  length  tsken  for  the  zinc  tube  is  rather  in  excess  for 
the  compensation  of  the  glass  rod,  and  should  it  be  found  so,  the 
tube  can  readily  be  shortened.  S  is  also  a  section  of  the  ball  of  the 
zinc  tube  pendulum,  glass  tube  pendulum,  and  wooden  rod  pendulum. 

The  glass   tube  having  a  length  of  64  inches,  will,  when  expanded 
by  heat,  carry  down  with  it  the  zinc  tube,  whose  lower  end  lests  on 
that  of  the  glass  tube.    The  centre  of  the  ball  of  the  pendulum,  rest* 
ing  on  the  upper  end  of  the  zinc  tube,  will  expand  upwards  from  the 
same  cause  which  lengthens  die  g^ass  tube,  and,  by  this  means,  cany 
the  ball  of  the  pendulum  up,  and  keep  the  centre  of  oscillation  al- 
ways at  the  same  dbtance  from  the  point  of  suspension.    The  length 
of  the  glass  tube  rod,  and  its  expansive  ratio,  wiU  be  found  to  be  in 
just  proportion  to  the  length  of  the  zinc  tube  and  its  expansive  ratio. 
As  the  glass  rod  is  not  very  fit  for  the  pendulum  fork  to  woik  on, 
the  following  apparatus  is  proposed,  and  ha9  been  found  in  other  cases 
to  answer  the  end  as  well  as  could  be  wished.    See  Plate  XY.  78. 
A  A  is  a  hoUow  cylinder  of  brass  1.6  inch  long,  which  fits  the  glass 
rod  rather  more  than  spring  tight     It  is  made  a  little  thin  near  the 
ends,  and  at  the  middle  it  is  left  thick,  having  the  i^pearence  of  a 
brass  ring,  a^  a^  Ofth  formed  on  the  cylinder,  into  which  are  fixed 
two  pivots  p,  p,  a  piece  of  brass  not  very  thick,  .3  <^  an  inch  broad 
being  bent  up  nearly  in  a  bow  form,  as  at  B,  B,  having  a  small  hole 
at  each  end,  6,  6,  to  (eceive  the  pivots  p,  p.     One  of  the  ends  must 
be  screwed  on,  in  order  to  get  the  {Hvots  more  conveniently  into  their 
holes.    At  the  end  or  middle  of  the  bow  is  a  solid  or  round  knob  of 
brass  C,  in  which  is  a  hole  tapped  to  receive  the  screw  D,  the  head 
of  which  is  milled  on  the  edge  and  sunk  on  the  outnde,  to  receive 
the  round  flat  piece  of  brass  £,  whidi  snaps  easily  in  like  a  barrel 
cover,  and  is  not  left  so  tight  but  that  it  may  be  easily  turned  round 
in  its  place,  without  any  risk  of  coming  out,  and  siqpposed  to  have  no 
shake  outwards.    Into  the  piece  £  is  fixed  a  piece  of  hna^  having  a 
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liole  in .  it  to  receive  the  pin  of  the  crutch.  Two  views  of  this  piece 
axe  seen  at  F  F.  When  these  pieces  are  all  combined  to  act  in  their 
places,  it  can  easily  be  seen,  that,  hj  turning  the  milled  head  of 
the  screw  D,  holding  the  piece  F  in  its  front  view  position,  the  crutch 
pin  will  be  made  to  move  out  or  in,  according  as  the  screw  D  is 
turned,  by  which  ^  clock  will  be  set  on  beat,  to  a  degree  of  mcety 
which  i^  not  easily  obtained  by  bending  the  fork  or  crutch  shank. 

There  are  other  modes  of  putting  a  clock  on  beat,  but  they  gene- 
rally consist  of  an  apparatus  for  that  purpose,  carried  by  the  crutch 
or  fork,  which  is  a  load  on  the  cock  pivot  The  one  which  has  been 
described,  has  the  advantage  of  being  supported  by  the  pendulum  rod. 

Troughton^8  Tuhtdar  Pendulum. 
Mr.  Edward  Troughton's  tubular  pendulum,  is  a  very  neat  and 
ingenious  one,  in  every  respect  worthy  of  that  celebrated  artist,  to 
whom  science  is  so  much  indebted  for  the  great  perfection  to  which 
he  has  brought  the  dividing  of  astronomical  instruments.  Having 
a  good  opinion  of  the  pendulum,  we  shall  give  it  a  place  here.  See 
Plate  XVI.  76. 

This  pendulum,  Mr.  Trou^ton  says,  in  his  description,  is 
*'  drawn  to  a  scale  of  one-eighth  of  the  real  dimensions,  ex- 
hibits the  shape  of  the  whole  instrument,  in  which  the  paits 
of  action  being  completely  concealed  from  view,  it  appears,  ex- 
cepting the  usual  suspension  spring,  to  be  made  of  solid  brass. 
This  figure  gives  a  front  view  of  the  pendulum.  The  form  of 
the  bob  is  used  more  on  account  of  its  being  easy  to  make, 
and  sightly,  than  from  an]r  other  considerations ;  it  is  made  of  one 
piece  of  brass,  about  7  inches  diameter,  2.6  thick  at  the  centre,  and 
weighs  about  16  lbs.  avoirdupois :  the  front  and  back  surfaces  are 
spherical,  with  a  thick  edge  or  cylindrical  part  between  them.  The 
apparent  rod  is  a  tube  of  brass,  reaching  from  the  bob  nearly  to  the  top. 
This  contains  another  tube  and  five  wires  in  its  belly,  so  disposed  as 
to  produce  altogether  (like  the  nine-bar  gridiron  of  Harrison)  three 
expansions  of  steel  downwards,  and  two  of  brass  upwards;  whose 
lengths  being  inversely  proportioned  to  their  dilatation,  when  properly 
combined,  destroy  the  whole  effect  that  either  metal  would  have  singly. 
The  small  visible  part  of  the  rod  near  the  top,  is  a  brass  tube,  whose  use 
is  to  cover  the  upper  end  of  the  middle  wire,  which  is  here  single,  and 
otherwise  unsupported. 

**  Reckoning  from  the  top,  the  first  action  is  downwards,  and  con- 
sists of  the  spring,  a  short  wire  0.2  diameter,  and  a  long  wire  0.1 
diameter;  these  all  of  steel,  firmly  connected,  reach  down  within  an 
inch  of  the  centre  of  the  bob,  and  occupy  the  middle  line  of  the  whole 
apparatus.     To  the  lower  end  of  the  middle  branch  is  fiustened  the 
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Umer  end  of  the  interior  brass  tube,  0.6  in  diameter,  whkh  tsna»- 
oates  a  little  short  of  the  top  <^  the  exterior  tube,  and  produces  the 
fint  dilatation  upwards.  From  the  top  of  the  interi<»  tube  depend 
two  wires  0.1  diameter,  whose  situation  is  in  a  line  at  right  angles 
to  the  swing  of  the  pendulum,  and  reach  somewhat  lower  than  the 
attached  tube  itself,  which  they  pass  through  without  touchingy  and 
efiect  the  second  expansion  downwards*  The  second  action  u|^ 
wards  is  gained  by  the  exterial  tube,  ^ose  internal  diameter  just  al- 
lows die  interior  tube  to  pass  freely  through  it ;  its  bottom  is  connect- 
ed with  the  lower  ends  of  the  last  described  wires*  To  complete  die 
conneotion,  a  second  pair  of  wires  of  the  same  diameter  as  the  fonner» 
and  occupying  a  position  at  right  angles  to  them,  act"  downwardai' 
reaching  a  little  below  the  exterior  tube,  having  also  passed  through 
the  interior  one  without  touching  either*  The  lower  ends  of  these 
wires  are  fastened  to  a  short  cylindrical  piece  of  brass,  of  the  same 
diameter  as  the  exterior  tube,  to  which  the  bob  is  suspended  by  ito 
centre* 

**  No*  1,  is  a  full  size  section  of  the  rod,  in  which  the  three  con- 
centric circles  are  designed  to  represent  the  two  tubes;  and  the 
rectangular  position  of  the  two  pair  of  wires  round  the  middle  onOp 
are  shown  by  the  five  small  circles.  By  copying  this  arrangement^ 
firom  die  elegtfnt  construction  of  your  own  half  seconds  pendulum* 
(PhiL  Journal  for  August  1799,)  I  avoided  much  trouble,  which  must 
have  occurred  to  me,  unless,  indeed,  I  had  been  impelled  on  the  same 
idea,  by  the  difficulty  of  contriving  the  five  wires  to  act  all  in  a  row, 
with  sufficient  freedom  and  in  so  small  a  space. 

*'  No.  2^  explains  the  part  which  closes  the  upper  end  of  the 
interior  tube :  the  two  small  circles  are  the  two  wires  which  depend 
from  it,  and  the  three  large  circles  show  the  holes  in  it,  through  which 
the  middle  and  other  pair  of  wires  pass* 

**  No.  3,  is  designed  to  explain  the  part  which  stops  up  the  bottom 
of  the  interior  tube  ;  the  small  circle  in  the  centre  is  where  the  middle 
wire  is  fastened  to  it ;  the  others  the  holes  for  the  other  four  wires  to 
pass  through.  No.  4,  is  the  part  which  closes  the  upper  end  of  the 
external  tube;  the  large  circle  in  the  centre  is  the  place  where  the 
brass  covering  for  the  upper  part  of  the  middle  wire  is  inserted ; 
and  the  two  small  circles  denote  the  fastening  for  the  wires  of  the  last 
expansion.  No.  6,  represents  the  bottom  of  the  exterior  tube,  in 
vdiichthe  small  circles  show  the  fastening  places  for  the  wires  of  the 
second  expansion,  and  the  larger  ones  the  holes  fbr  the  other  pair  of 
wires  to  pass  throng 

"No.  6,  is  a  cylindrical  piece  of  brass,  which  shows  how  the 
lower  ends  of  the  wires  of  the  last  expansion  are  fastened  to  it,  and 
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the  hole  in  the  middle  is  that  whereby  it  is  pinned  to  the  centra  of  the 
bob.  The  fastening  of  the  upper  ends  of  the  two  pair  of  wins  is  done 
by  screwing  them  into  the  pieces  which  stop  up  the  ends  of  the  tubea : 
but  at  the  lower  ends  they  are  aU  fixed  as  represented  by  No.  6.  I  have 
only  to  add  to  this  description,  that  the  pieces  represented  in  Nos.  6«  and 
6,  have  each  a  jointed  motion,  by  means  of  which  the  fellow  wires  ci 
each  pair  would  be  equally  stretched,  although  they  were  not  exactly  of 
the  same  length. 

*'  In  the  apparatus  thus  connected,  the  middle  wire  will  be  stretch- 
ed by  the  weight  of  the  whole ;  the  interior  tube  wiU  su|^K»rt  at  its 
top  the  whole  except  the  middle  wire ;  the  second  pair  of  wires  will 
be  stretched  by  all  except  the  middle  wire  and  interior  tube  ;  the  exte- 
rior tube  supports  at  its  top  the  weight  of  the  second  pair  of  wires  and 
the  bob,  and  the  second  pair  of  wires  are  stretched  by  the  weight  of  the 
bob  only. 

^  The  first  pendulum  which  I  made  of  the  tubular  kind,  had  only 
three  steel  wires,  and  one  tube  above  the  bob ;  that  is  two  expansions 
down  and  one  up ;  ^  and  the  quantity  which  one  of  brass  falls  short, 
to  correct  two  of  steel,  was  compensated  for  by  extending  those  branch- 
es of  the  rod  below  the  bob,  and  bringing  up  an  external  tube  to 
which  the  bob  was  affixed.  There  is  an  awkwardness  in  this  con- 
struction, owing  to  the  rod  reaching  about  13  inches  below  the  lower 
edge  of  the  bob,  otherwise  it  is  not  inferior  to  the  one  first  de- 
scribed." 

Ward^B  Pendulum, 

The  rod  of  this  pendulum  consists  of  two  flat  bars  of  steel,  and  one 
of  zinc,  connected  together  by  three  screws,  as  shown  in  Plate  XYI. 
77,  No  1.  No.  2,  is  a  side  view  of  the  pendulum  rod  when  the  bars 
are  together ;  "  hk,  tt,"  says  Mr.  Ward,  **  are  two  flat  rods  or  bars 
of  iron,  about  an  eighth  of  an  inch  thick ;  A;^  is  a  bar  of  zinc  inter- 
posed between  them,  and  is  nearly  a  quarter  of  an  inch  thick.  The 
comers  of  the  iron  bars  are  bevelled  off,  that  they  may  meet  with  less 
resistance  from  the  air;  and  it  likewise  gives  them  a  much  lighter 
appearance.  These  bars  are  kept  together  by  three  screws,  /,  /,  /, 
which  pass  through  oblong  holes  ink  h  and  k  A:,  and  screw  into  1 1. 
The  bar  hk  is  connected  to  the  one  k  k  by  the  screw  m,  which  is 
called  the  adjusting  screw.  This  screw  is  tapped  into  h  A,  and  pas- 
ses barely  through  k  k ;  but  that  part  of  the  screw  which  enters  k  k 
has  its  thread  turned  off.  The  bar  tt  has  a  shoulder  at  its  upper 
end  turned  at  right  angles,  and  bears  at  the  top  of  the  zinc  bar  k  k^ 
and  is  supported  by  it.  It  is  necessary  to  have  several  holes  for  the 
screw  m,  in  order  to  adjust  the  compensation.     Nos.  3,  4,  5,  are  a 
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«Mh  view  of  esch  bar  lepantelj.  No.  6.  shows  the  flat  side  of  the  zinc 
bar.  No.  1.  is  a  front  view  of  the  pendulum  rod  when  screwed  together. 
Thb  letters  have  the  same  leference  to  the  different  figures." 

The  front  steel  bar  being  lengthened  by  heat,  and  having  its  expansion 
downwards,  will  cany  along  with  it  the  zinc  bar,  whose,  lower  end 
is  supported  by  a  screw  in  the  front  bar ;  the  zinc  bar  in  this  'case 
will  have  its  expansion  upwards,  and  cany  up  the  back  steel  bar, 
whose  upper  end  rests  by  means  of  a  knee  on  the  upper  end  of  the 
zinc  bar.  The  pendulum  bell  hangs  to  the  lower  part  of  the  back 
steel  bar,  which  has  its  expansion  downwards;  but  the  two  expan- 
skms  downwards  of  the  steel  bars  are  compensated  by  the  upward 
expansion  of  the  zinc  bar. 

Mr.  Ward's  pendulum  must  be  allowed  to  be  a  very  excellent  one,  as 
it  possesses  the  advantage  of  permitting  the  compensation  to  be  readily 
and  easily  altered.  The  description  which  has  been  given  of  it  in  the 
Transactions  of  the  Society  for  the  Encouragement  of  Arts,  &c.  for 
the  year  1807,  and  in  the  pamphlet  which  Mr.  Ward  published  at 
Blandfbid  in  1808,  contain  sufficient  details  to  enable  any  common 
clockmaker  to  copy  it  We  have  only  to  add,  that  there  should  be  a 
spare  screw,  for  shifting  the  compensation,  and  that  the  screws  connecting 
the  two  steel  bars  and  the  zinc  one  should  never  on  any  account  be  mov- 
ed. It  will  be  found  of  great  advantage  to  have  a  spare  screw,  which 
may  be  put  into  that  place  which  is  supposed  requisite  to  correct  the 
compensation ;  and  then  release  the  one  supposed  to  be,  where  the  com- 
pensation is  thought  too  much  or  too  little.  Our  experience  with  it 
soon  led  us  to  this  contrivance.  Having  made  one  of  these  pendulums, 
we  shall  now  give  an  account  of  its  dimensions,  &c.  The  distance 
from  the  upper  part  of  the  pendulum  spring  to  the  centre  of  the  ball,  is 
40.75  inches  ;  and  to  the  lower  end  of  the  front  steel  bar,  2  feet  11.6 
inches.  From  the  upper  end  of  the  zinc  bar,  where  the  back  bar  of  steel 
rests  or  hangs  on,  to  the  centre  of  the  ball,  is  2  feet  6.26  inches.  The 
steel  bars  are  forged  from  cast  steel,  and  annealed ;  their  breadth  is 
three  quarters  of  an  inch,  and  their  thickness  about  one-tenth  of  an 
inch.  The  length  of  the  zinc  bar  is  24.8  inches ;  and  its  thickness  a 
little  more  than  two-tenths  of  an  inch.  The  centre  of  the  ball  hangs 
on  the  end  of  the  tube  of  the  regukiting  nut,  where  it  was  tipped,  to 
woik  on  its  corresponding  screw,  made  near  the  lower  part  of  the  back 
bar^  fcmned  here  into  a  round  rod,  the  lower  end  of  which  is  a  point,  or 
index,  to  a  graduated  plate  fixed  to  the  back  of  the  case,  and  6.26 
inches  below  the  centre  of  the  ball.    The  weight  of  the  ball  is  13  lb. 
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2  OK. ;  that  of  the  zinc  and  ateei  bars,  nut,  penduhim  spring,  and  connect* 
kig  sorews,  2  lb.  Idi  oz. ;  weighing  in  all  nearly  16  lb.  In  making  up 
steel  bars  or  rods  for  any  compensation  pendulum,  it  is  proper  to  heat  or 
blue  them  after  they  are  finished,  which  will  dispel  whatever  magnetism 
they  may  have  acquired  in  working  them  up.  The  zinc  bar  of  this  pen- 
dulum, when  brought  near  to  the  length  of  compensation,  was  about  21 
inches.  Taking  the  length  of  steel  to  be  compensated  by  this  at  61.76 
inches,  we  may  find  what  the  compensation  of  the  zinc  shouM  be,  if  the 
steel  is  rightly  taken  at  13& 

Steel  in  inches  61.75     -        .        -        -        log.  1.7906370 
Ratio  138 log.  2.1398791 

3.9305161 

ft 
Zinc  in  inches  21  ....        log.  1.3222193 

Ratio  405.7 log.  2.6082968 

3.9305161 

The  expansive  ratio  here  is  greater  than  373,  as  given  by  Mr.  Smeaton ; 
but  is  not  equal  to  420,  as  given  by  Mr.  Ward,  from  trials  made  with  his 
pendulum. 

The  three  zinc  pendulums  which  have  been  described,  have  each  their  pe* 
culiar  properties.  The  zinc  rods  of  the  gridiron  one  are  very  troublesome 
to  make ;  but  they  are  more  exposed  to  the  air  or  to  changes  of  tempera- 
ture, are  easy  to  adjust  by  means  of  the  shortest  traverse,  and  the  sets  of 
holes  which  are  in  them  and  the  centre  rod.  When  this  penduhim  is  well 
executed,  it  is  perhaps  the  best  of  the  three.  The  one  with  the  zinc  tube 
is  the  strongest,  the  bearing  on  it  being  more  firm  and  direct  than  in  either 
of  the  other  two,  only  it  has  no  means  for  adjusting  the  compensatioD,  un- 
less by  shortening  the  tube  from  time  to  time,  according  as  the  excess  of 
its  compensation  is  shown.  Something  might  be  contrived  to  adjust  it, 
without  taking  it  from  its  place,  but  this  would  be  too  complicated ;  so 
that  the  shortening  of  the  tube  by  degrees  is  rather  the  better  way. 
Ward's  is  much  more  easily  made  than  the  other  two.  Those  who  use 
gridiron  pendulums  should  have  a  half  traverse,  with  three  pins  on  it,  sim- 
ilar to  the  shortest  one  in  the  pendulum,  which  will  be  found  very  conve- 
nient, when  it  is  necessary,  to  shift  for  compensation.  The  half  traverse 
and  pins  should  be  put  into  the  holes,  where  the  traverse  in  shifting  is  not 
to  come.  This  will  keep  the  pendulum  rods  in  their  places,  and  serve  in 
the  same  way  as  the  spare  screw  proposed  for  Ward's  pendulum. 
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Rhombaidal  drnpemaUon  Pendnkm, 

A  great  many  yean  ago,  an  old  clock  was  put  into  our  handst 
trfttch  had  been  made  in  this  country,  having  a  pendulum  of  this 
kind,  consisting  of  seven  or  eight  lozenges  or  rhombi,  with  diagonal 
bars  to  each,  so  as  to  make  a  sort  of  compensation  to  the  pendulum  rod. 
It  will  readily  be  seen,  that  when  heat  should  elongate  the  sides  of 
tiie  rhombi,  it  will  also  elongate  the  diagonal  bars,  and  cause  their  ends 
to  press  against  the  internal  and  horizontal  angles  of  the  lozenges ;  by 
thb,  the  distance  between  the  vertical  angles  will  be  kept  invariably 
the  same,  and  the  centre  of  oscillation  will  be  kept  constantly  so.  The 
^^t  of  cold  on  the  rhombi  or  lozenges  will  be  in  the  reverse  order  ; 
and  if  there  is  a  due  proportion  between  the  length  of  their  sides  and 
that  of  the  diagonal  bars,  it  is  likely  to  compensate  the  effects  of  heat 
and  cold  on  the  pendulum.  We  shall  hazard  a  proportion :  say,  for 
the  length  of 'the  diagonal  bars  about  six  inches,  and  the  distance 
between  the  vertical  angles  about  five  inches  and  six-tenths  of  an 
inch,  the  number  of  lozenges  being  seven :  experience  alone  can  best 
determine  what  these  measures  and  numbers  should  be.  A  compen- 
sation pendulum  rod  of  this  kind  was  certainly  an  ingenious  contriv- 
ance ;  the  idea,  we  premme^  seems  to  have  been  taken  from  the  form 
of  the  tongs  used  by  the  Hollanders,  when  taking  any  live  piece  of 
burning  coal  or  charcoal  to  light  their  tobacco  pipes  with.  A  great 
olijection,  however,  to  this  kind  of  pendulum  rod,  is,  that  there  are 
too  many  points  of  obUque  bearing  in  it 

Some  of  the  French  artists  have  lately  proposed  to  have  one  lo- 
zenge only,  which  would  surely  be  unsightly,  from  die  great  lengdi 
that  the  diagonal  bar  must  have,  and  the  clock-case  much  distorted 
to  contain  such  a  pendulum.  For  more  on  this  subject,  see  the  Ap- 
pendix to  the  ninety-second  volume  of  the  Monthly  Review,  or  tome 
xiL  Archinet  det  IMcauvertea. 

On  the   Wooden  Pendulum  Rod, 

The  wooden  pendulum  rod  does  not  come  under  the  class  of  those 
whieh  have  just  now  been  described ;  nor  can  it  be  supposed  equal 
to  any  knetallic  compensation  one.  Having  a  good  opinion  of  it, 
however^  we  put  to  trial  one  of  them  made  of  a  very  fine  piece  of 
straight-grained  deal,  that,  for  the  purpose  of  seasoning,  had  been 
ki^t  for  five  years  near  a  parlor  fire,  which  was  almost  constantly 
lighted  throughout  the  whole  year.  The  rod,  when  dressed  up  and 
fitted  to  the  ball,  and  the  pendulum  spring  put  to  it,  was  well  var- 
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nishedt  bo  as  to  exclude  any  possibility  of  its  being  i^iectad  by  damp. 
It  was  then  applied  to  the  clock,  which,  when  regulated,  went  for 
about  sixty  days,  during  the  months  of  June  and  July,  without  any 
apparent  deviation  from  time ;  the  very  dry  weather  made  the  fixings 
for  the  clock-case  shrink  a  little.  When  these  were  again  made  more 
secure,  the  clock,  during  a  trial  of  many  months,  could  not  be  brou|^ 
to  give  the  same  satisfaction.  Whether  this  was  owing  to  (he  wooden 
rod,  or  to  what  cause,  we  shall  not  at  present  pretend  to  determine* 
On  this  pendulum  being  taken  away  from  the  clock,  a  mercurial  on^ 
was  put  in  its  place,  having  the  same  pendulum  spring  which  was  at 
the  wooden  rod,  and  every  thing  else  being  in  the  same  state  as  be- 
fore. The  difierence  in  the  good  going  of  the  clock  after  (his,  be- 
came truly  astonbhing,  and  may  be  considered  as  a  striking  proof  of 
the  great  superiority  of  the  one  pendulum  over  the  other. 

It  must  here  be  obs^red,  that  although  the  comparative  trial  by 
the  same  clock,  with  the  mercurial  and  wooden  rod  pendulums,  was 
in  favour  of  the  former,  yet  this  clock  and  another  were  fixed  on  two 
planks,  exactly  the  same  as  those  described  in  the  following  chaplery 
and  strongly  fixed  to  a  stone  wall,  opposite  the  brick  wall  where  the 
other  two  clocks  were,  which  gave  rise  to  the  discovery  of  their  pen* 
dulums  afiecting  each  others  motions.  Not  being  aware  of  this  at  the 
time  of  trial,  the  errors  of  the  going  of  the  clock,  while  the  wooden 
rod  pendulum  was  used,  and  the  good  going  of  it  when  the  mercurial 
pendulum  was  applied,  may  have  arisen  fiom  various  causes,  such  as 
the  elasticity  of  the  plank  on  which  they  were  fixed,  or  the  pendu- 
lums being  of  unequal  length  and  weight  This  much  may  positively 
be  affirmed,  that  they  were  not  going  under  such  circumstances  as  to 
have  a  fair  triaL  We  propose,  however,  to  repeat  the  experiment  with 
the  wooden  rod  pendulum,  appUed  to  another  clock,  placed  in  a  more 
insulated  situation.  An  eminent  American  philosopher  says,  that  deal 
has  little  or  no  longitudinal  expansion,  making  it  less  than  glass,  as 
may  be  seen  in  a  Table  of  Expansions.     Bldinburgh  Encyclopculia, 

In  the  Astronomical  Obaervationa  published  at  Cambridge  in 
1769,  by  the  late  Rev.  William  Ludlam,  Professor  of  Mathematics 
in  that  university,  he  has  described  a  very  neat  and  ingenious  me- 
thod of  fitting  up  a  pendulum  with  a  woodep  rod,  constructed  for  the 
purpose  of  preventing  any  gyratory  motion  from  taking  place,  as  weD 
as  to  have  some  resistance  from  the  air.  This  was  effected  by  having 
the  pendulum  ball  of  an  equal  mass  round  the  centre  of  a  round 
wooden  rod,  and  by  a  thin  flat  hard  steel  crutch,  to  give  impulse 
on  the  hardened  ends  of  two  screws  put  through  the  rod,  which  screws 
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were  to  keep  the  flat  crutch  as  near  as  possible  in  the  plane  or  line  of  the  ' 
dianieter  of  the  pendulum  rod,  or  at  right  angles  to  the  middle  plane  of 
the  pendulum  ball.     This  ball  was  nearly  of  the  form  of  a  cheese,  or  the 
middle  frustum  of  a  globe.     For  a  more  particular  description  of  it,  see 
Ludlam's  Oftfervolioiw,  page  81,  plate  Y. 

From  the  description  given  of  this  pendulum  by  Mr.  Ludlam,  it  ap- 
pears to  be  a  veiy  complete  (Mie,  and  several  persons  were  on  that  ac- 
count led  to  adopt  it ;  but,  from  our  experience,  it  was  found  to  be  much 
inferior  to  what  might  have  been  expected,  and  to  possess,  rather  in  a 
great  degree,  the  very  defect  which  Mr.  Ludlam  wanted  to  avoid.  The 
lateral  coming  and  going  of  the  pendulum  rod  by  heat  and  moisture, 
causes  the  screws  to  come  and  go  from  the  crutch,  sometimes  to  clip  it 
hard,  and  at  other  times,  to  allow  it  to  have  more  freedom  between  the 
ends  or  points  of  the  screws  than  is  proper.  Finding  that  it  had  a  strong 
tendency  to  gyratory  motion  when  the  clock  was  set  a-going,  (which  how- 
ever diminished  some  time  after,)  arising  from  the  mass  of  the  ball  being 
carried  out  from  the  centre  towards  the  edge,  and  from  a  thick  rod  pass- 
ing dirough  it 

We  thought  of  the  following  pendulum,  which  was  afterwards  put 
in  execution,  where  the  greater  part  of  the  mass  of  the  ball  is  kept 
at  the  centre,  and  where  the  least  quantity  possible  is  towards  the 
edge.  A  drawing  of  this  pendulum  is  given  in  Plate  XYI.  78.  The 
ball  is  of  a  lenticular  form,  7  inches  in  diameter,  thickness  at  the  cen- 
tre 2.6  inches,  as  seen  at  A  A,  having  a  round  wooden  rod  G  C, 
about  .6  of  an  inch  in  diameter,  or  thereabout  The  rod  may  be 
eidier  round,  flat,  rectangular,  or  elliptical.  This  last  is  perhaps  the 
best  form  ;  the  transverse  diameter  being  1.6  inch,  and  the  conjugate 
0.6  of  an  inch ;  an^  aa^  are  two  small  round  steel  wires,  whose 
diameter  is  less  than  .2  of  an  inch,  or  say  .176  of  an  inch,  the  length 
from  pin  to  pin  about  8.6  inches.  They  might  be  kept  shorter  if  care 
were  taken  to  regulate  the  length  of  the  pendulum  by  the  going  of 
the  clock  before  fixing  their  length ;  in  which  case,  they  need  not 
project  more  than  .2  of  an  inch  beyond  the  diameter  of  the  ball.  The 
centres  of  these  wires  are  one  inch  apart,  each  passing  through 
the  ball  at  half  an  inch  from  the  centre ;  6  1,  6  2,  are  two  pieces 
of  brass,  into  which  the  ends  of  the  steel  wires  are  fitted  and  pin- 
ned fast ;  their  shape  is  represented  in  the  drawing.  In  one  of  them, 
6  1,  is  a  socket,  in  which  the  lower  end  of  the  rod  is  fixed ;  and  in 
the  lower  one  6  2,  the  regulating  screw  d  passes  freely  through  :  x, 
X  are  two  brass  milled  nuts,  tapped  to  receive  the  screw  d,  which 
has  also  a  conical  milled  head  fixed  on  it ;  the  lower  end  cf  the 
screw  serving  as  an  index  for  the  arcs  of  the  pendulum's  vibrations. 
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On  the  upper  end  of  the  screw,  the  lower  edge  of  the  pendalum  bell  rests ; 
and  when  moved  up  or  down  by  the  screw*  the  nuts  jt,  ar,  are  screwed 
against  the  brass  piece  fr  2,  in  order  to  keep  all  fast 

The  advantages  which  this  pendulum  possesses,  are  very  olmoua. 
The  whole  of  the  momentum  of  ^e  ball  is  so  near  the  centre,  that  it 
maintains  a  very  steady  motion;  and  should  any  lengthening  or 
shortening  of  the  rod  and  steel  wires  take  place,  this  will  in  some  de- 
gree be  compensated  by  the  ball.  Should  they  lengthen,  the  same 
cause  will  make  the  centre  of  the  ball  get  upwards,  the  edge  meaih 
while  resting  on  the  end  of  the  reguhiting  screw,  and  vie^  vena.  A 
piece  of  flat  brass  is  fitted  and  pinned  into  the  upper  part  of  the  rod 
C  C,  as  seen  in  the  drawing.  In  front  of  the  rectangular  hole  made 
in  this  piece  of  brass  to  receive  the  crutch  pin,  a  part  of  the  wood  is 
taken  away,  in  order  that  the  crutch  with  its  pin  may  get  as  near  as 
may  be  to  the  piece  of  brass.  The  piece  of  brass  in  which  the  lower 
end  of  the  pendulum  spring  is,  is  fitted  to  the  top  of  the  rod,  having  two 
pins  through  it,  to  make  it  fast  there.  The  upper  end  is  fixed  to  a 
piece  of  brass,  which  goes  on  a  steel  arbor,  having  pivots  to  rest  on  a 
cock,  and  turn  freely  on  it,  so  that  the  pendulum  may  take  its  plumb-line 
when  hung  on. 

It  has  been  observed  by  some  cabinet-makers,  that  from  drawero, 
whose  sides  and  bottom  were  of  cedar,  there  issued  effluvis,  that  inspis- 
sated the  oil  at  the  locks,  and  thickened  it  so  much,  that  the  locks  became 
of  no  use  till  they  were  taken  off  and  cleaned. 

Pendulum  rods  have  sometimes  been  made  of  cedar  wood,  and  are 
objectionable  on  this  account,  as  the  oil  at  the  pivot  holes  of  the  clock 
becomes  thickened  by  it  Perhaps  if  pendulum  rods  of  cedar  were 
strongly  varnished,  this  might  deprive  the  wood  of  this  insptssalio^ 
quality. 

It  is  of  the   utmost  importance  to  have  the   pendulums  of  clocks 
weU  fixed  at  the  point  of  their  suspenion ;   and  the  cock  to  which 
they  are  suspended  should,  at  the  same  time,  be  strong  and  firmly 
fixed  to  the  wall  of  the  place  where  the  clock  stands.     This  requires 
to  be  particularly  attended  to  in  turret   clocks,  and  still  more  so'  in 
clocks  intended  for  astronomical  purposes.     These  last  ought  to  be 
placed  upon  an  iron  bracket,  strongly  fixed  to  as  massy  a  stone  pier 
as  can  possibly  be  got  into  the  place  where  the  clock  is  to  stand.     We 
have  had  an  instance  of  a  pendulum  which  was  so  well  fixed  up,  that 
there  did  not  appear  a  possibility  of  its  being  made  any  firmer,  or 
that  the  motion  of  the  pendulum  could  in  the  least  affect  the  cock 
and  suspension,  yet  the  arc  of  its  vibration  was  a  little  increased,  afler 
having  made  considerable  exertions  to  put  farther  home  the  screws, 
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&c  eoDcenied   widi  the  fixtures  of  the  cock  and  the  suspension  of 
tibe  peftdolunL    The  arc  of  vibration  did  not  exceed  two  degrees  on 
each  side  of  tbe  point  of  rest,  so  that  its  motiont  or  centrifugal  force, 
could  not  be  veiy  great  at  the  point  of  suspension ;  yet  snudl  as  this 
foroe  was,  it  is  dear  that  it  was  sufficiently  great  to  afiect  the  cock 
thefOt  as  tins  cause  made  the  arc  of  vibration  of  less  extent  than  when 
the  suspensioD  was  afterwards  more  firmly  fixed    We  have  suspend- 
ed the  pendulum  on  a  strong  brass  oockt  which  was  either  riveted 
or  screwed  to  an  iron  plate.     This  iron  plate  was  screwed  firmly  to  the 
wall,  the  back  of  the  clock-case  being  between  the  plate  and  the  wall, 
and  sometimes  a  notch  was  left  in  the  pillar  plate  to  receive  the  end  of 
the  brass  coek,  by  which   means  the  clock  frame,  and  the  pendulum 
aospeMion   were  made  to  keep  together  as  nearly  as  possible;    and 
when   every  thing  here   was  so  far  adjusted,  a  strong  screw  with  a 
square  head  was  put  through  the  cock,  binding  it  and  the  pendulum 
tep-piece  firmly   together.     Another  way  is,  to  have  two  brass  sup- 
peits  screwed  on  to  a  very  strong  seat  board.    These  supports  may 
be  about  one  inch  broad  and  half  an  inch  thick,  and  in  height  about 
six  inches  more  or  less,  according  to  the  height  of  the  bending  of  the 
penduhmi  spring  above  the  seat  board.      £ach  support  has  a  strong 
and  bread  sole,  and  these  soles  have  a  stout  steady  pin  to  go  into  the 
seat  board,  which  is  screwed   fiom   underneath  the  seat  board,  by  a 
strong  iron  or  steel  screw,  fiist  to  the  upper  side.      The  supports  at 
the  top  inchae  a  Uttle  towards  each  other,  and  a  thick  and  broad  piece 
of  plate  brass  is  screwed  to  them  behind,  so  as  to  connect  them  firmly 
together.      The  upper  ends  of  the  supports  are  made  level,  and  pa- 
rallel wkh  the  soles  and  seat  board.      Across  these  ends  is  made  a 
triangtthur  notch,  to  receive  the  pivots  of  a  piece  of  steel,  to  which  the 
pendulum  is  suspended.      By  means  of  these    pivots   the   pendulum 
turns,  so  as  to  hang  fineely  in  a  vertical  position.    The  distance  be- 
tween the  ends  of  the  brass  supports  at  the  top  need  not  be  more  than 
two  indies,  while  at  the  bottom  the  distance  may  be  four  inches,  or 
not  quite  so  much,  the  inclination  being  about  ten  degrees  or  so  firom 
Ae  perpendicular.      The  piece  of  steel   should  not  be  less  than  half 
an  inch  thick  at  the  middle,    where  it  should  be  circular,  and   about 
three  quarters  of  an  inch  In-oad.      In  the  middle  is  a  hole  of  about 
three-tenths  of  an  inch  in  diameter :  the  two  conical  arbors  are  form- 
ed fifom  the  circular  part,  .so  as  to  be  in  a  line  with  the  diameter  of 
the  hole.      The  pivots  of  these   aibors,  which  turn  in  the  triangular 
notches,  may  be  about  three-twentieths  of  an  inch  thick.     In  the  hole, 
which  is  three-tenths  of  an  inch  wide,  is  fitted  a  steel  pivot,  having  a 

shoulder  on  the  under  side,  which  comes  so  far  beyond  the  upper  nde 
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as  to  admit  a  stout  bran  collet  to  be  pumed  od  it,  and  agiiioat  tlie  upper 
flat  side  of  the  circular  part,  beeides  a  sort  of  screw  head  on  the  end* 
with  a  slit  in  it,  by  which  a  screw-driver  can  turn  it  about,  so  thM 
the  pendulum  ball  maj  be  made  to  stand  in  the  plane  in  which  it 
ought  to  swing.  From  the  shoulder,  below  the  circular  part  of  the 
steel  piece,  to  the  lower  end,  may  be  an  inch  long.  To  this  the  pen- 
dulum spring  is  fixed.  This,  in  some  respects,  is  a  veiy  oonyemenl 
mode  of  suspension,  but  we  do  not  thi%k  it  so  strong  and  so  firm  as 
the  other. 

When  the  astronomical  dock,  formeriy  mentioned,  which  goes  six 
weeks  without  winding  up,  was  planned,  care  was  taken  to  have  the 
weight  kept  at  as  great  a  distance  as  possible  from  the  pendulum  ball, 
as  we  conceived  that  the  attraction  of  the  weight  wouU  distuib  the 
vibrations  of  the  pendulum.  This  idea,  which  appeared  to  us  new, 
had  occurred,  we  have  been  told,  long  before  to  several  veiy  able  ar- 
tists and  amateurs,  such  as  Graham,  Harrison,  Lord  Macclesfield, 
Sir  Geoige  Shuckburgh,  Troughton,  and  others.  In  the  courae  of 
our  trials  with  the  clock,  the  arc  of  the  vibrations  of  the  pendulum, 
when  the  weight  came  as  far  down  as  the  ball,  was  observed  to  sufier 
a  sensible  diminution,  and  this  was  imputed  to  their  mutual  attract 
tion.  Upon  mentioning  this  efterwards  to  one  or  two  persons,  sup- 
posed to  be  competent  to  judge  in  an  affair  of  this  kind,  they  enter- 
tained some  doubts  respecting  this  explanation  of  the  fact,  and 
thought  it  might  probably  arise  from  some  motion  communicated  to 
the  air  by  the  swinging  of  the  pendulum.  Without  making  any  expe- 
riments in  order  to  examine  the  action  of  the  air  on  the  motion  of  the 
pendulum,  an  account  of  the  &ct,  which  was  ascribed  solely  to  attrac- 
tion, was  pubUshed  in  Nicholson's  PhiL  Jour.  Oct  1S12,  vol.  xxxiii* 
octavo  series.  Soon  after  this,  Mr.  £zekiel  Walker  of  Lynn,  in  a 
paper  published  in  the  same  Journal,  endeavored  to  show,  that  the 
cause  of  this  disturbance  of  the  pendulum,  (which  he  says  had  been 
known  to  him  30  years  before,)  arose  from  the  motion  of  the  air  com- 
municated by  the  weight  to  the  penduhun,  which  it  certainly  did,  a^ 
we  soon  afterwards  found  from  one  or  two  experiments,  which  did  not 
occupy  much  time.  In  a  paper  of  Mr.  Walker's,  in  Nicholson's  PUL 
Jour,  for  May  1802,  vol.  ii.  octavo  series,  p.  76,  entitled,  ^  Methods 
for  diminishing  the  irregularities  of  Time^pieces,  arising  from  diflbr- 
ences  in  the  arc  of  vibration  of  the  Pendulum,"  he  has  assigned  seve- 
ral causes  for  the  changes  that  take  place  in  the  ercs  of  vtt)ration,  and 
proposed  different  methods  to  prevent  them.  But  no  notice  whatever 
is  taken  of  the  motion  communicated  to  the  air  by  the  pendulum.  M« 
Berthoud   mentions,  in  the   first   volume  of  his   JEmcm,  published  in 
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1768,  No.  MS,  tlMit  llie  air  put  in  moiioii  by  the  tibnitioiw  of  tlw 
pnMumt  aetB  agaiiut  the  waigfai  of  tlie  clock,  so  as  to  set  it  in  mo- 
iMm;  and  thatdiis  wSi  m  ite  torn  gradually  diminieh  the  motion  of 
Iha  pendnhon  until  it  stops  it  altogether.  This  takes  place  uMwe 
rsadiiy  when  the  weight  hangs  bj  a  single  line  than  when  it  is  sus- 
pended bjr  a  pulley  and  double  line*  This  feet,  it  roust  be  con- 
ftsoed,  hnd  either  been  overiooked  by  us,  or  had  entirely  escaped  our 
memory.  Month  clocks,  from  stopping  frequently,  have  long  been 
very  troublesome  to  clockHnafcers,  who  no  doubt  assigned  for  it  a  di^ 
fsrant  cause  from  the  true  one.  In  the  old  monlh  clocks,  the  wei|^ 
mn  very  large  and  hea?y,  and  the  momentum  of  the  pondulum  very 
small,  so  that  they  were  exIrNnely  liable  to  be  stopped.  But  in  docks 
where  te  pendulum  has  even  a  considerable  momentum,  this  agita^ 
tioB  <^  the  air  will  be  sufficient  to  stop  them  altogether. 

Having  been  called  upon  to  examine  a  good  astronomical  reguli^ 
terof  Orafaam's,  which  had  stof^ied,  and  which  belonged  to  a  noU^ 
man  in  the  neighborhood  of  Edinbuigh,  we  informed  the  man  who 
was  sent  to  put  it  in  order,  that  he  would  find  the  wei^t  opposite  to 
Hm  pendulum  ball ;  which  was  actoally  found  to  be  the  case.  In 
all  monlh  cloeks  will  be  observed  to  stop  under  similar  cir- 
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iSyiMfMfJby  or  M$knd  AcHan  of  the  Pendulnma  of  Clocks. 

It  is  now  nearly  a  century  since  it  was  known,  nay,  it  is  much 
longer,  for  this  was  known  even  to  Huyghens,  and  has  been  ob- 
served by  many  since  his  time,  that  when  two  clocks  are  set  argoing 
on  the  same  shelf,  they  will  disturb  each  other; — ^that  the  pendu- 
lum of  the  one  will  stop  that  of  the  other ;  and  that  the  pendu- 
lum which  was  stopped  will,  afler  a  while,  resume  its  vibrations, 
and  in  its  turn  stop  that  of  the  other  clock,  as  was  observed  by  the  late 
Mr.  John  Ellicott  When  two  clocks  are  placed  near  one  another, 
whose  cases  are  very  slightly  fixed,  or  when  they  stand  on  the  thin 
boards  of  a  floor,  it  has  been  long  known  that  they  will  afifect  a  litde 
the  motions  of  each  other's  pendulum.  Mr.  Ellicott  observed,  that 
two  clocks  resting  against  the  same  rail,  which  agreed.to  a  second  for 
several  days,  varied  T  36^^  in  24  hours  when  separated.  The  slower 
having  a  longer  pendulum,  set  the  odier  in  motion  in  16^  minutes, 
and  stopped  itself  in  36f  minutes.    It  never  could  have  been  suppo- 
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Bed,  however,  that  when  very  strong  fixtmes  were  mtAe^  it  was  po^^ 
sible   for   any  thing   of  this   kind  to  take  plaee.     About  ten  yean 
ago,  in  a  room  where  astronomical   cloeks  were  placed  under  tnal^ 
two  strong  deal  planks  were  ffarmly  nailed  to  a  tokvaUy  stout  brick 
wall  or  partition,  the  ends  of  the  planks  being  jambed  between  te 
adjoining  partitions.     The  planks  were  6  feet  long,  6  inches  broad* 
and  Ifths    of  an  inch  thick.      One  of  them  was   pboed  behmd  the 
suspension,  and  the  other  bdiind  the  bolls  of  tiie  peD«kduros»    The 
pendulums    were  suspended  on  strong  massj  cocks,   partly  of  brass 
and  partly  of  iron,  which,  with  the  backs  of  the  cases,  (one  of  whkh 
was  of  veiy  hard  oak,)  were  firmly  screwed  to  the  upper  phnl^  die 
middle  of  the  cases  to  the  lower  one,  the  bottoms  being  free  and  inde- 
pendent of  the  floor.     Two  clocks,  whose  pendulums  were  neaiiy  of 
equal  length   and  weight,  and  whose  suspenakms   were  distant  frsm 
each  other  about  two  feet,  kept  so  unaccountably  close  together  lor 
die  greater  part  of  twelve  months,  as  to  become  a  matter  of  consideia^ 
Ue  surprise.    When  the  cold  wesEkher  commenced  in  November,  they 
made  a  small  deviation  from  one  another  for  a  few  days,  and  then  resum- 
ed the  same  uniformity  which  they  had  before.    An  account  of  this 
was    published    m    Mr.    Tilloch's    Philosofrfiical    Magarine,    where 
the  observations  of  M.  de  Luc,    which  seem  to  have  been  a   very 
near  approach  to  the  cause,  were  inserted  by  way  of  reply.    The  pen- 
dulum which  was  at  one  of  the  clocks,  was  of  Ward's  kind.    On  its  , 
beipg  taken  away,  a  gridiron  one  was  put  in  its  place  :    but  with  thist 
which  was  longer  than  Ward's,  the  clocks  could  never  be  brought  to 
the  same  time  as  before.     Their  arcs  of  vibration  continually  varied* 
and    no  satisfactory    going   could  be  obtained  from   them,  ahhougfa 
we  were  well  aware  that  they  were  competent  to  have  given  a  very 
different  performance.     The  gridiron  pendulum  clock  was  one  of  the 
best   possible   in    its  execution,  and  had  one  of  the    best  recoiling 
'scapements  we  have  ever  seen  or  made.     The  clock  was  taken  from 
its  case,  to  have  a  'scapement  of  a  different  kind  put  to  it     In  the 
meanwhile,  the  pendulum  being   left   hanging  in  its  place,  was  ob- 
served to  be  in  motion,  which  was  at  first  imputed  to  seme  shaking 
of  the  house.     On  being  stopped,  it  got  again  into  motion,  and  upon 
observing  it  narrowly,  it  was  found  not  to  be  in  such  a  direction  as 
any  shaking  of  the  house  could  produce,  swinging  quite  in  time  with 
the  pendulum  of  the  going   clock,  the  two  pendulums    mutually  re- 
ceding and   approaching    each  other.      The  cure  was    instantly   ob- 
vious; and  afler  the  upper   plank  was  sawed  through  between    the 
clocks,  the  pendulum  became  in  a  little  while  dead  and  stiU.     The 
arc  in  which  it  vibrated  was  about  twelve  minutes   of  a    degree  on 
each  side  of  the   point  of  rest,  which  was  nearly  about  the  greatest 
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eKient  of  nmliQii  in  die  ncB  of  die  two  pradnlmns.  It  woiiU  be 
to  make  two  do^a  fo  doeelytogedMri  in  any  other  ait 
than  the  one  whieh  haa  been  mantioaed. 
.After  the  plank  waa  eat  thronghv  the  going  ek>ck  waa  obaerved  la 
bekMing  neariyat  theraftaof  a  aecond  and  a  half  a  day;  and  if  the 
deck  which  kept  ao  long  in  nniaoo  with  it  had  been  tried  under  the 
aame  eireuniatenceav  it  ia  probable  that  the  rate  would  bare  been 
fbnnd  to  be  fiMt  The  lale  they  had  fiir  a  period  of  eight  or  nine 
montha  or  more,  iriien  dwy  went  doee  togediert  did  not  exceed  two- 
tandm  of  a  aeeond  frat  a-day,  and  thia  may  have  been  a  mean  of  die 
Miural  rale  of  each  panduhim«  if  it  nmy  be  ao  ezpreaaed;  that  ia^ 
auppoae  one  ckMskwaa  going  dow  1.6aacondper  day^the  oAerftat 
1.7  aecond,  diere  wiV  be  two4enlha  of  a  aeoond  Mt  for  die  necele- 
ndon  of  bo^  wUch  aeeaai  to  be  the  only  way  of  explaining  diia  phe* 


Snbaeqwt  tiialawiditheaetwoehicka,  in  adll  more  detached  aituap 
tioiM,  have  given  riae  to  an  idea,  Aat  it  ia  probable  and  aeemii^ 
poaaiUe,  that  two  ckwka,  fixed  aa  dieee  were,  where  the  pendnlunaa 
allbcted  eadi  other,  oouM  be  made  te  keep  a  rate  of  time  much  nearer 
ttan  any  dock  aingly  coqU  do*  It  ia  the  opinion  of  an  eminait 
ibreign  aitiat,  that  a  few  dockB,*'placed  in  thia  way,  would  commu- 
meate  the  motion  of  their  pendduma  to  each  other,  till  they  came 
afl  at  hurt  to  beat  at  the  aame  inalant. — ^We  entertain  no  doubt  of 
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Wa  have  firequendy  seen  turret  clocks  put  up  in  places  where  no 
advantage  waa  taken  of  the  length  of  fall  for  the  weights,  -which 
either  <Ud  not  descend  through  die  whole  height,  or,  if  they  did,  die 
ropes  had  a  second  re-winding,  as  it  were,  on  the  barrel.  Hindley, 
who  was  certainly  a  man  of  genius,  and  whose  turret  clocks  were 
perfaapa  unequalled  in  regard  to  thetlr  execution,  though  defective, 
from  no  advantage  being  taken  of  the  fall,  made  them  all  with  bar- 
rels of  a  small  diameter,  and  of  such  a  length  as  tu  admit  almost  any 
number  of  turns,  so  that  they  could  be  placed  in  any  situation,  whe- 
ther with  propiie^  or  not  We  shall  therefore  lay  down  such  rules, 
that  a  docknwker  may  fit  up  a  turret  clock  suited  to  any  given  fall 
for  the  weights. 
Suppose  diat  die  height  of  fall  for  die  weights  is  25  feet  and  diat 
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the  clock  is  reqaired  to  go  eigiit  days  wkhout  being  woond  opt  ami 
with  a  single  line  to  the  weighty  thatia,  with  no  pulley  for  the  weigiit 
to  hang  on, — ^we  may  allow  12  inches  for  what  the  weight  wffl  takeb 
This  reduces  the  length  of  foU  to  24  feet;  allowing  16  tmis  of  die 
barrel  to  give  8  days  going,  and  divichng  the  34  feet  of  fell  by 
16,  we  shall  have*  for  length  of  the  rope,  18  inches  for  one  turn 
of  the  barrel.  To  find  the  diameter  of  the  barrel,  we  say,  as  866  for 
tibe  ciroumforence  is  to  a  diameter  of  113,  so  is  the  enrcumference  18 
inches  of  the  barrel  to  its  required  diameter,  which  will  be  found  to 
be  6.73  inches  neariy.  But  this  diameter  wotdd  be  too  luge,  sinoe 
the  diameter  of  the  rope  must  be  taken  into  aeeovnt;  for  the  tr«e 
diameter,  or  that  iHiichis  necessaiyto  run  out  foe  fell,  mast  be  ta* 
ken  at  the  centre  of  the  rope  when  wound  round  the  barrel.  Allow- 
ing the  diameter  of  the  rope  to  be  half  an  inefa,  then  taking  fois  feon 
6.73  inches,  we  shall  have  for  the  proper^  diameter  of  the  banel  6.2i 
inches.  Having  now  obtained  the  diameter  of  the  barrel,  its  length, 
between  the  ends,  may  easily  be  found.  Sixteen  turns  of  the  bair^ 
the  number  wanted  to  produce  eight  days  goAtig,  and  a  rope  of  half 
an  inch  in  diameter,  will  require  eight  inches;  but  as  the  coils  of 
the  rope  cannot  lie  quite  close  to  eachodier,  we  may  allow,  for  feee- 
dom,  one  inch  and  a  quarter;  ooAsequontly,  if  the  barrel  is  made 
9.26  inqhes  in  length  between  the  ends,  it  will  be  sufficiently  long. 
For  the  stnhing  part,  a  rope  of  half  an  inch  in  dianeier  will  be 
strong  enough ;  and,  as  one  of  a  considerably  smaller  diameter,  even 
one-half,  would  suit  the  going  part,  the  going  barrel  may  be  made 
shorter.  If  the  clock  should  be  made  to  go  by  a  double  line  and 
pulley,  then  the  diameter  of  the  barrels  will  require  to  be  the  double 
of  6.23  inches,  or  10.46  inches.  Or  if  the  fell  is  only  18  or  14 
feet,  then  the  barrels  of  6.28  inches  in  diameter  would  do,  by  means 
of  a  pulley.  The  diameter  of  the  pulley  wiU  in  part  lessen  the 
length  of  the  fall,  and  in  place  of  12  inchess  we  may  now  deduct  16 
inches,  or  so,  from  the  fal],  on  account  of  the  length  taken  up  by  the 
weight  and  pulley;  but  this  trifling  circumstance  requires  litde  ac- 
commodation on  the  part  of  the  clockmaker.  Taking  then  the  dia- 
meter of  the  barrel  at  10.46  inches,  in  order  to  ascertain  what  dia- 
meter the  barrel  ends  and  the  great  wheel  ought  to  have,  the  rope 
being  half  an  inch  in  diameter,  twice  this  added  to  the  barrel's  dia- 
meter will  make  it  11.46  inches,  but,  for  the  sake  of  even  numbers, 
let  it  betaken  at  11  inches  and  a  half  for  the  diameter  of  the  plato 
barrel  end;  an  additional  inch,  or  12.6  inches  in  diameter  for  the 
barrel  ratchet  end  ought  to  do,  unless  when  the  barrel  ratchet  is  put 
on  the  barrel  end,  and  within  its  diameter,  as  is  sometimes  done,  in 
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order  to  have  the  great  wheel  of  a  less  dimmeter  than  h  otherwise 
w6iild-be,  when  the  barrel  ratchet  end  is  done  in  the  usual  way.  The 
oentre  of  molioQ  of  the  ratchet  and  chck  need  not  be  more  distant 
from  the  top  of  the  ratchet  then  half  an  inch,  or  at  most  .6  of  an 
inehy  and  .76  of  an  inch  more  than  this  for  the  breadth  of  the  wheel 
nm,  indudiog  the  teeth.  The  semi-diameter  of  the  barrel  ratchet 
end  is  6.25  inches ;  to  this  being  added  .6  of  an  inch,  and  .76  of  an 
inch,  we  shall  have,  for  the  semi-diameter  of  the  great  wheel,  7.6  inches, 
or  its  diameter  15.2  inches.  The  diameter  of  the  great  wheel  being 
thus  obtained,  we  may  get  the  circumference  by  saying,  as  1 13  is  to 
366,  so  is  16.2  to  the  circumference  required,  which  is  found  to  be 
47.76  inches ;  this  divided  by  240,  the  double  of  the  number  of  the 
teeth  proposed  to  be  put  into  the  great  wheel  of  the  going  part,  we 
have  for  the  breadlh  of  each  tooth  and  each  space  0.199  of  an  inch, 
or  nearly  .2  of  an  inch*  It  is  jperhaps  advisable  to  have  the  space  a 
very  small  degree  leas  than  what  is  here  given;  the  teeth  will  then  be 
somewhat  more  than  .2  of  an  inch  m  breadth.  By  taking  small  tempo- 
rary segments  of  thin  brass,  having  the  same  radii  as  the  wheel,  and 
cutdng  them  from  the  proposed  number  on  the  cutting  engine,  they 
will  lead  us  to  foim  an  idea  of  the  strength  that  the  teeth  may  have. 
Indeed,  this,  and  calculation  together,  ought  to  go  hand  in  hand,  and 
i»  the  way  that  any  ingenious  clockmaker  ouf^t  to  adopt,  if  his  object  is 
to  have  the  best  possible  contrivance  in  the  construction  of  any  piece  of 
work  in  which  he  may  be  engaged. 

As  it  is  of  consequence  to  have  length  of  penduhim,  it  should  be 
adopted  when  the  clock  is  in  such  a  situation  as  to  allow  its  being  ap 
plied.  We  recommend  one  of  20  feet  6  inches  in  length,  which  would 
have  almost  as  much  dominion  over  the  ck>ck  as  those  made  by  Hindley 
of  62  feet  4  inches,  and  could  be  more  easily  made.  The  wheels  72, 
60,  and  24,  the  pinions  12  and  10,  give  24  vibrations  in  a  minute,  each 
oeciUation  being  ^qual  to  two  seconds  and  a  half. 

If  it  is  proposed  to  have  the  pendulum  of  such  a  length  as  to  swing 
30  beats  in  a  minute,  the  swing  wheel  having  30  teeth,  and  the 
pinions  10  each ;  then  the  numbers  for  the  teeth  of  the  second  and 
third  wheels  will  be  60  and  60,  and  the  length  of  the  pendulum 
166.8  inches ;  where  twenty  feet  or  upwards,  for  length  of  fall,  and 
strength  of  clock  can  be  obtained,  a  shorter  pendulum  than  this  should 
never  be  adopted.  The  diameter  of  the  second  wheel  may  be  made 
hdlf  of  that  of  the  great  wheel,  or  even  a  little  less ;  however,  we 
wtiy  safely  take  H  at  the  half,  viz.  7.6  inches,  as  it  is  to  be  cut  into 
hatf  the  number  of  teeth,  and  being  considerably  thinner  than  the 
great  wheel,  the  teeth  will,  notwithstanding  this,  be  sufficiently  strong 
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for  the  force  exerted  on  them.  The  third  wheel  having  60  teeth,  and 
the  force  exerted  on  them  being  considerablj  less  than  Aat  on  the 
second  wheel,  we  may  obtain  the  diameter  of  the  third  ^Hieelf  by  firat 
taking  the  proportion  of  60  to  50,  and  then  making  the  diameter 
somewhat  less  than  the  first  proportion  would  give,  because,  weie  the 
teeth  cut  on  this  diameter  as  given,  they  would  be  as  strong  as  those 
of  the  second  wheel.  We  then  say,  as  60  tbeth  is  to  its  diameter  of 
7.6  inches,  so  is  60  teeth  to  the  diameter  required,  which  is  found  to  be 
six  inches.  Taking  six  inches  in  the  compasses,  and  applying  them  to 
the  legs  of  any  sector  that  has  a  line  of  equal  parts,  bodi  legs  of  the 
sector  being  extended  till  the  points  of  die  compasses  fall  exactly  on 
50,  set  the  compasses  to  the  number  46,  which  will  give  a  distance 
suitable  for  the  diameter  of  the  third  wheel.  This  will  be  found  to  be 
5.5  inches  nearly,  and  if  the  swing  wheel  is  made  ^^  inches  in  diame- 
ter, it  will  do  veiy  well ;  it  ought  to  be  made  pretty  thick,  so  as  the  teeth 
may  have  a  broad  bearing  on  the  pallets,  and  if  two  smaD  holes  are 
drilled  through  near  to  their  points,  making  equal  portions  or  spaces 
there,  these  will  contribute  much  to  keep  a  good  quantity  of  ml  on  then 
for  a  considerable  time. 

The  barrels  both  in  the  going  and  striking  parts  being  made  equal 
in  diameter,  and  each  performing  a  revolution  in  12  hours,  we  now 
proceed  to  make  out  proper  numbers  for  the  striking  part,  and  dia^ 
meters  for  the  great  wheel,  the  pin  wheel,  and  the  tumbler  wheel ;  diis 
last  we  shall  also  make  use  of  as  a  fly  wheel.     The  diameter  of  the 
barrels  being  equal,  the  great  wheels  may  also  be  equal,  and  die  diameter 
of  the  striking  great  wheel  will  be    15.2  inches.    The    number   of 
blows  which  the  hammer  must  make  in  12  hours,  can  be  obtained  by  a 
very  simple  rule.     The  first  blow  1,  being  added  to  the  last  blow  19, 
will  make  13,  and  13  multiplied  by  6,  half  of  the  number  12,  will  give 
78  for  the  number  of  blows    required  during  one  revolution  of  the 
great  wheel  and  barrel.     The  great  wheel  of  the  striking  part  will  require 
to  have  rather  stronger  teeth  than  those  of  the  great  wheel  of  the  going 
part,  because  there  is  a  stronger  rope  and  a  heavier  weight  applied  against 
them,  in  order  to  raise  as  much  weight  of  hammer  as  may  be,  so  as  to 
bring  a  sufficient  sound  from  the  clock  bell.     The  pin  wheel  pinion 
being  10,  and  the  wheel   64,  having  eight  lifting  pins  in  it  for  the 
hammer  tail,  the  number  of  teeth  in  the  great  wheel  which  wiU  be  necessa- 
ry, so  that  one  turn  of  it  may  produce  78  blows,  may  be  either  98  or  100. 
Suppose  we  take  98  for  the  number  of  teeth,  98  divided  by  10, 
the  number  in  the  pin-wheel  pinion,  the  quotient  will  be  9.8,  whidi, 
multiplied  by  8,  the  number  of  pins  in  the  pin*wheel,  will  give  78.4 
for  die  number  of  blows  for  one  revohidon  of  die  great  wheel.    If 
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the  great  wheel  should  have  100  teeth«  this,  divided  by  10,  will  give 
10,  and  this  again  multiplied  by  8,  will  give  80  for  the  number  of 
blows  during  one  turn  of  the  barrel ;  either  of  these  numbers  for  the 
teeth  of  the  striking  great  wheel  would  do  very  well.  If  we  take 
98,  and  as  the  pin  wheel  is  to  have  64  teeth,  we  may  find  a  proper  di- 
ameter for  it,  so  that  the  teeth  may  be  nearly  about  the  same  size  as 
those  of  the  great  wheel*  Say  as  98,  the  number  of  teeth  in  the 
great  wheel,  is  to  15.2  inches,  its  diameter,  so  is  64,  the  number  of 
teeth  required  in  the  pin  wheel,  to  a  diameter  required  for  it,  which 
will  be  found  to  be  9.9  inches. 

The  pin  wheel,  having  64  teeth,  and  8  lifting  pins  in  it,  the  tum- 
bler wheel  pinion,  which  makes  <Hie  revolution  for  every  blow  of  the 
hammer,  must  have  8  teeth  or  leaves  in  it.  The  diameter  of  the 
tumbler  wheel  must  be  considerably  smaller  than  that  of  the  pin 
wheel,  and  this  will  depend  on  the  number  of  teeth  it  ought  to  have, 
on  the  number  of  leaves  in  the  fly  pinion,  and  on  the  number  of  the 
revolutions  which  the  fly  pinion  is  to  make  for  every  blow  of  the 
hammer.  The  less  the  number  of  revolutions  given  to  the  fly  pi- 
nion during  one  blow  of  the  hammer,  the  less  will  the  striking  part  be 
wider  the  influence  of  oil.  But  few  turns  in  the  fly,  require  it  to  be 
considerably  extended  in  the  wings  or  vanes,  and  this  demands  some 
ingenuify  and  address  in  the  clock-maker  to  cany  them  out,  so  that 
they  shall  be  conveniently  clear  of  every  part  of  the  clock.  When 
the  arms  of  the  fly  are  extended,  the  wings  or  vanes  can  be  consi- 
derably diminished  in  surflice ;  and  a  little  weight  may  be  given  them, 
00  that  when  once  the  fly  is  set  in  motion  it  will  not  easily  stop.  The 
construction  of  the  fly,  and  of  the  fly  pinion,  has  hitherto  been  injudi- 
cious. The  flys  commonly  applied  to  turret  clocks  were  too  heavy,  the 
wings  or  vanes  were  too  broad,  they  made  too  many  revolutions,  and 
the  fly  pinion  was  not  so  properly  sized  as  it  might  be  :  for  it  must  be 
considered  that  it  acts  not  merely  as  being  driven,  but  it  must  some- 
times act  as  a  leader.  For  although  the  tumbler  wheel,  or  fly  wheel, 
which  turns  the  fly  pinion,  acts  as  a  driver,  yet,  from  the  nature  and 
application  of  the  fly  pinion,  and  fly  to  regulate  the  velocity  of  the 
striking,  the  fly  pinion,  from  the  acceleration  which  it  will  acquire, 
must  sometimes  act  as  a  leader,  so  that  the  size  of  the  fly  pinion 
ought  to  be  a  mean  between  the  size  of  a  leader  and  that  of  being 
dhven.  If  the  pinion  is  made  too  large,  or  the  size  of  a  leader, 
the  wheel  teeth  in  driving  it  would  be  apt  to  butt  on  the  pinion; 
and  if  made  too  nicely,  to  be  driven,  it  could  hardly  ever  act  as  a 
leader,  as  here  the  {Mnion  would  butt  on  the  wheel  teeth ;  this   then 

is  the  reason  of  keeping  it  to  the  mean  size  of  the  two,  which  will  be 
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found  to  have  a  good  effect.    The  aims  of  the  fly  may  be  about  26 
inches  in  length. 

The  number  of  the  revolutions  of  the  fly  pinion  for  one  blow  of 
the  hammer  is  not  arbitrary ;  in  some  clocks  the  fly  may  make  twen- 
ty revolutions,  in  some  more  and  in  some  less.  When  the  revolulioiia 
are  few,  and  the  acceleration  of  the  fly  fit  to  cany  forward  in  a  small 
degree  the  striking,  it  may  appear  to  strike  faster  towards  the  end  of 
a  long  hour,  but  it  wiU  require  a  nice  ear  to  perceive  it  We  have 
made  the  fly  pinion  to  have  only  four  turns  for  one  blow  of  the  ham- 
mer, which  answered  extremely  well,  so  that  the  tumbler  wheel  will 
require  40  teeth,  supposing  the  fly  pinion  to  have  10.  If  we  take 
the  ratio  of  the  pin  wheel  of  64  to  its  diameter  9.9  inches,  then  the 
tumbler  wheel  of  40  would  have  its  diameter  6.26  inches,  the  teeth 
would  then  be  of  the  same  size  or  strength  with  those  of  the  pin 
wheel ;  but  (his  is  not  requisite,  as  they  will  bear  to  be  considerably 
diminished  in  size,  and  if  the  diameter  of  the  tumbler  wheel  is  near- 
ly 5.5  inches,  the  teeth  will  be  sufliciently  strong.  In  this  striking 
part  there  is  no  fly  wheel  and  pmion. 

The  locking  of  the  striking  part  of  turret  clocks  requirea  safe  aad 
good  mechanism.  That  which  Hindley  used  is  very  ingenious,  and 
was  adopted  in  the  clock  made  for  St.  Andrew's  Church  in  Edin- 
burgh ;  yet,  from  fouhiess  of  oil  or  dirt,  it  is  liable  to  misgive,  and 
in  attempting  to  rectify  it,  the  ignorance  or  carelessness  of  workmen 
is  apt  to  increase  the  evil.  The  nicety  of  this  locking  lies  in  flie 
pins  of  the  count-wheel,  whose  office  is  to  raise  up  the  locking-lifler, 
and  pass  it  at  the  same  time.  The  locking  which  is  here  proposed, 
is  by  means  of  two  pins  or  detents  on  the  fly  pinion  aibor,  one  of 
which  is  for  locking  on,  and  the  other  is  a  detainer  while  the  striking 
is  on  warning.  In  this  motion  work,  we  have  a  rack,  having  teeth 
on  the  inside  as  well  as  on  the  outside ;  the  tumbler  raises  the  rack 
by  means  of  the  inside  teeth,  the  rack-catch  acts  by  those  on  the  out- 
side, and  is  concentric  with  the  hour  lifting  arm,  or  that  which  dis- 
charges the 'Striking ;  but  both  move  freely  aiid  independently  of  eaeh 
other.  When  the  rack  is  on  the  lifting  of  the  last  tooth  by  the  tum- 
bler, a  pin  which  is  in  the  rack  carries  forward  the  end  of  a  lever  or 
arm.  Concentric  with  this  arm,  and  fixed  with  it,  another  arm  pre- 
sents itself  (at  the  same  instant  when  the  pin  in  the  rack  has  carried 
flie  arm  forward)  to  a  pin  or  detent  on  the  fly  pinion  arbor,  and  here 
the  striking  is  locked.  The  pin  in  Ae  minute  wheel,  on  raising  up 
the  hour  lifting  arm,  raises  at  the  same  time  the  rack  catch,  and  con- 
sequently allows  the  rack  to  fall,  and  the  pin  from  the  fly  pinion  ar- 
bor, which  before  this  was  locked,  gets  disengaged ;    and  here   the 
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'would  go  impn^ierly  on,  but  another  arai,  which  is  connect- 
ed with  the  hour  lifting  arm,  presents  itself  to  the  other  detent  on  the 
fly  pinion  arbor,  and  detains  it  tOl  such  time  as  the  lifting  arm  drops 
off  from  the  pin  in  the  minute  wheels  and  then  the  striking  being  at 
libertj  goes  on>  and  is  again  locked  when  the  pin  in  the  rack  is  made 
to  move  one  of  the  locking  arms  forward.  This  locking  is  sure  and 
safe,  and  very  easily  executed.  It  was  contrived  for  one  of  the  clocks 
«t  Annan. 

The  pins  of  the  pin-wheel  ought  to  be  pretty  stout,  and  one  half 
of  their  diameters  should  be  cut  away,  so  as  to  allow  the  hammer  tail 
to  drop  off  freely,  causing  as  little  loss  as  possible  of  the  force  of  the 
weight  Some  have  made  veiy  slender  pins,  and  strengthened  them 
by  their  opposite  ends  being  fixed  in  a  small  circular  rim  or  ring  over 
them;  but  small  pins  are  apt  to  tear  and  wear  away  the  acting  part 
of  the  hammer  tail.  The  hammer  tajl  may  be  so  constructed  that 
it  begins  to  raise  the  hammer  head  when  the  lever  by  which  it  acts 
is  at  its  maximum  length,  the  head  having  then  a  more  horizontal 
position  than  when  it  is  afterwards  raised  up.  The  principle  laid 
down  here  of  the  strikiog,  &c.  was  adopted  and  put  in  execution  in 
the  two  turret  clocks  which  we  made  for  the  royal  burgh  of  An- 
nan, and  which  are  not  equalled  by  any  turret  clock  in  the  island. 
The  frames  of  these  clocks  are  so  constructed,  and  the  wheels  so 
disposed,  th|U  any  wheel  can  be  separately  lifted  out  of  the  frame, 
without  either  taking  it  to  pieces,  or  removing  any  of  the  other 
wheels. 

The  diameters  of  the  wheels  and  the  length  of  the  barrels  being 
determined,  we  may  thence  fix  upon  the  length  and  breadth  of  the 
clock  firame,  which  is  proposed  to  be  rectangular,  and  the  wheels 
lying  all  nearly  in  a  horizontal  position,  making  it  of  such  dimensions 
as  not  lo  pinch  any  part  of  the  work,  nor  yet  to  have  a  superabun- 
dance  of  room.  Beginning,  then,  with  the  going  part:-»The  great 
idieel  being  16.2  inches  in  diameter,  and  having  120  teeth,  and  the 
pinion  which  it  drives  10,  we  know  that  the  distance  o(  their  centres 
will  be  8.081,  or  8.1  inches  nearly.  We  also' know,  that  in  the  case 
of  the  second  wheel  of  7.6  inches  in  diameter,  and  60  teeth  driving  the 
third  wheel  pinion  of  10,  the  distance  of  their  centres  must  be  4*273 
inches.  In  like  manner,  we  get  the  distance  of  the  centres  of  the  third 
wheel,  and  swing-wheeL  The  diameter  of  the  third  wheel  is  6.600 
inches ;  the  swing-wheel  pinion  being  10,  we  have  for  the  distance  of 
their  centres,  3.168  inches.  By  taking  these  distances,  and  adding  them 
together,  with  the  semi-diameters  of  the  great  and  swing-wheels,  we  shall 
have  the  space  that  would  be  required  to  contain  the  going  part 
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Inchet* 
From  the  centre  of  the  great  wheel  to  that  of  the  second  wheel        6.081 

From  the  centre  of  the  second  wheel  to  that  of  the  third  wheel  4.273 

From  the  centre  of  the  third  wheel  to  that  of  the  swing  wheel  3. 158 

The  semi-diameter  of  the  swing  wheel,        ....  2.5 

The  semi-diameter  of  the  great  wheel,  ....  7.6 

25.612 

So  that  it  requires  2  feet,  1  inch,  6  tenths,  and  a  very  little  more,  to  con- 
tain the  going  part. 
By  jN'oceeding  in  the  same  manner,  we  shall  find  the  distance  of  the 

centres  of  the  wheels  in  the  striking  part  to  he  as  follows  : 

IdcIics. 
From  the  centre  of  the  great  wheel  to  that  of  the  pin 

wheel,  -.-..-  8.1876 

From  the  centre  of  the  pin  wheel  to  that  of  the  tumhler 

wheel,  -  .  -  -  .  -  -  6.6816 

From  the  centre  of  the  tmnbler  wheel  to  that  of  the  fly 

pinion,  --...-  3.2544 

Semi-diameter  of  tumbler  wheel,  ...  2.75 

Ditto  of  the  great  wheel,  ....  7.6 

27.4734 
To  which  add  the  space  required  for  the  going  part,        -  25.612 

Gives  for  Inches,        53.0854 

The  length,  then,  required  to  contain  the  going  and  striking  parts,  is  about 
4  feet  5  inches,  being  the  inside  length  of  die  frame. 

The  width  inside  of  the  frame,  depends  on  the  length  of  the  barrels, 
the  thickness  of  the  ends,  and  of  the  great  wheels,  &c.     The  striking 
barrel  being  the  longest,  we  must  take  the  length  given  for  it,  which  was 
determined  to  be  9.25  inches  between  the  ends.     Allow  one  quarter  of  an 
inch  or  so  for  the  thickness  of  the  plain  end,  and  half  an  inch  for  that  of 
the  ratchet  ei^,  and  about  3-4ths  of  an  inch  or  so  for  the  thickness  of  the 
great  wheel,  these  being  1.5  inch,  which»  added  to  the  length  of  the  bar- 
rel, makes  10.75  inches.     The  pin  wheel  is  supposed  to  run  behind  the 
great  wheel,  having  a  proper  freedom  between  them»  the  pins  for  lifting 
the  hammer  tail  being  on  the  opposite  side  of  the  pin  wheel,  and  the  plain 
barrel  end  having  a  sufficient  freedom  of  the  front  bar  of  the  clock  fraine* 
We  shall  call  this  freedom  about  .3  of  an  inch,  and  as  much  for  the  free- 
dom of  pin  wheel  and  great  wheel ;  the  thickness  of  the  pin  wheel  about 
•4  of  an  inch,  or  a  very  litde  more ;  the  height  of  the  pins  from  the  sur- 
face of  the  [Hn  wheel  about  .6  or  .7  of  an  inch. 
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Inches. 

The  length  of  the  barrel^  with  its   additions,  was,            -  10.75 

Freedom  of  plain  barrel  end,         -        -            -            -  .3 

Ditto  of  great  and  pin  wheels,       ....  .3 

Thickness  of  pin  wheel,                -        -            -            -  .45 

Height  of  pin  wheel  pins,              ....  .7 

And  take  the  distance  of  their  tops  from  the  side  bar  of  the 

frame  at         -.-.-.  1.25 


Inches,        13.75 

By  this  it  appears  that  the  distance  between  the  bars  of  the   frame 
inside,  will  require  to  be  13.75  inches.     The  side  bars,  one    on  each 
side  of  the  frame,  are  of  forged  iron,   above  four  inches  in  breadth, 
and  .4  of  an  inch  thick,  having  at  the  ends  a  sort  of  thickness  left 
there,  so  as  to  form  a  shoulder,  and  beyond  the  shoulders  are  tenons, 
not  quite  so  thick  nor  so  broad  as  the  bars  themselves ;  these  tenons,  . 
about  4.5  or  5  inches  long,  are  fitted  into   a  rectangular  hole,  in  the  cast 
iron  part  of  the  frame,  which  compose  the  ends  of  it     The  ends  of 
the  tenons  are  sometimes  formed  into  two  screws*  each  having  nuts 
to  bind  them  against  the  shoulders,  and  with  the  cast  iron  ends :  or 
having  sometimes  slits  in  them  to  receive  a  strong  iron  wedge  to  bind 
the  shoulders ;  either  of  them  will   do  very  well.     The  length  from 
shoulder  to  shoulder  of  the  side  bars  need  not  be  quite  lo  much  as 
that  which  has   been    allowed  for  containing  the  going  and    striking 
wheels.     If  this  length  is  4  feet  4  inches,  it  will  be  sufficient ;   the 
space  given  by  the  cast-iron   frame  ends  will    more  than  compensate 
what   has   been    deducted    from  the    calculated  length,      llie    cast- 
iron  ends  are  composed  of  two  sorts  of  pillars,  connected  by  a  rec- 
tangular bar,  near  5  inches   broad,   and  about  half  an    inch    thick ; 
the  length  of  the  rectangular  bar  such  as  to  allow  the  side  bars,  when 
the  tenons  are  into  the   square  part  of  the  pillars,  and  in  the  rectan- 
gular hole  which   is  made  there    to  receive  the  tenons,  that  the  inside 
of  the  side  bars  shaU  be  only  distant  from  one  another  13^75    inches. 
The  middle  part  of  the  pDlars  is  a  square  of  about  3  inches,  and  6 
inches  long ;  the  upper    and  lower  ends  of  the  pillars  are  turned  into 
such  a  figure  or  shape,  as  the  taste  or  fancy  of  the  artist  may  sug- 
gest    The  middle  of  the  rectangular  hole  which  receives   die  tenons, 
may  be  distant  from  the  lower  end  of  the  pillar  about  12  inches;  &e 
top  of  the  upper  end  may  be    equaUy   distant     This  frame,  if  con- 
structed in  the  manner  which  has  been  directed,  will  be  found  to   be 
strong,  firm,  and  stiff,  and   very  handy  and  convenient,  while  gomg 
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about  the  making  of  the  clock.  Should  it  be  thought  that  the  side 
bars  from  their  length  may  yield  a  little,  a  foot  can  easily  be  attach- 
ed to  each,  near  to  the  middle  of  the  bar,  or  any  other  convenient 
place. 

Nothing  about  a  turret  clock  requires  more  skill  and  ingenuity^ 
than  to  construct  properly  the  wheel  work  for  setting  off  and  carry- 
ing the  hands  to  the  different  dials,  more  especially  if  there  are  more 
than  two.  The  wheels  for  this  purpose  should  be  as  few  in  number 
as  possible,  having  the  least  allowable  shake  between  the  teeth,  and 
a  sufficiency  of  freedom  in  the  end  shakes  of  the  arbors,  and  in .  the 
conducting  rods.  Turret  clocks,  with  four  dials  and  hour  and  mi- 
nute hands  to  each,  were  formerly  but  seldom  made.  The  town 
clock  of  Edingburgh  has  four  dials,  with  hour  and  minute  hands  to 
each,  which  we  put  to  it  in  the  year  1795.  It  is  an  excellent  spe- 
cimen of  this  sort  of  mechanism.  Hooke's  joint  has  been  found  very 
useful  in  the  conducting  rods  for  the  dial  work ;  but  where  any  ob- 
hque  direction  is  given  to  the  rods,  Hooke's  joint  will  make  the  hand 
rather  to  go  irregular,  making  the  hand  more  forward  at  one  part, 
and  more  behind  at  another  than  it  ought  to  be.  In  large  turret 
clocks  which  have  minute  and  hour  hands,  the  wind  and  weather  give 
a  very  severe  trial  to  the  dial-work  and  wheels,  and  such  clocks  are 
in  general  very  much  exposed  to  this.  In  the  clock  which  we 
have  been  planning,  the  second  wheel  pinion  making  one  revolution 
in  an  hour,  is  that  which  must  conduct  the  dial-work.  Let  that  pivot 
of  it  which  comes  through  the  fore  side  bar  be  left  pretty  thick,  and 
prolonged  three  or  four  inches  beyond  the  bar  outside.  Two  ways 
have  been  adopted  to  prevent  the  hands  from  changing  their  place  by  any 
force  or  violence,  arising  from  winds  or  any  other  cause.  One  of 
them  consisted  of  a  pretty  stiff  or  strong  circular  spring,  keyed  on 
behind  the  minute  wheel ;  the  other  consisted  in  putting  on  the  mi- 
nute-wheel arbor,  a  wheel  with  square  or  unrounded  off  teeth,  into 
which  teeth  a  click  from  the  conducting  wheel  passed  into  the  space 
or  spaces,  s  We  propose  to  adopt  the  first  of  these  two  methods  at  pre- 
sent. On  the  thick  pivot  of  the  second  wheel  pinion,  outside  of  the 
front  bar,  let  a  square  be  made  of  .3  of  an  inch  long ;  on  this  let  the 
square  socket  of  the  circular  spring  be  well  fitted,  and  the  side  or 
angle  marked  to  correspond,  so  as  to  know  at  all  times  that  which  it 
has  been  originally  fitted  to :  this  spring  may  either  be  of  steel  or 
brass,  and  the  diameter  equal  to  that  of  the  minute  wheel  less  by  the 
teeth.  From  the  square  part  of  the  pivot  let  this  arbor  be  turned 
down,  but  hardly  more  than  what  is  necessary  to  form  an  arbor  near- 
ly cylindrical;  the  square  sides   roust  not  be  completely  turned  out, 
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oterwise  tibia  might  render  the  arbor  too  small.  The  diameter  of 
the  mimite  wheel  may  be  about  4.5  inchea,  and  cut  into  40  teeth  ;  on 
tfie  same  socket  fnth  the  minute  wheel,  let  there  be  a  bevelled  wheel 
of  6.5  inches  in  diameter,  and  having  50  teeth,  the  distance 
of  the  back  of  the  bevelled  wheel  from  the  nearest  side  of  (he 
minute  wheel  being  about  half  an  inch,  or  .6  of  an  inch.  This 
space  is  to  allow  the  hour  lifting  arm  to  come  in  between  them,  so 
tint  the  lifting  pin  in  the  minute  wheel  may  fi:eely  get  hold  of  it ; 
the  whole  length  or  hei^^t  of  the  socket  may  be  about  3,  or  8.6 
inches,  and  turns  on  the  cylindrical  part,  or  arbor  of  the  pro- 
kMtged  pivot.  Two  other  bevelled  wheels  of  the  same  number  and 
diameter  as  the « other,  are  cocked  on  the  front  bar,  so  as  to  pitch 
with  the  first;  their  aibors  are  disposed  horizontally,  and  at  right 
an^es  to  the  socket  of  the  fiiM  beveUed  wheel,  so  that  they  may 
be  connected  widi  the  dial  wheels  on  the  two  opposite  dials,  whose 
wheel  and  minute  hands  they  will  conduct  Over  the  first  bevelled 
wheel,  and  pretty  near  the  inside  of  it,  is  placed  a  round  brass  dial^ 
having  minute  divisions  and  figures  on  it.  A  minute  hand  on  the 
socket,  having  a  c<^et  agamst  them  pinned  by  the  end  of  the  aibor, 
will  keep  the  minute  wheel  ti^t  on  ibe  arbor  by  means  of  the  sfH'ing 
behind  it  When  there  are  four  dials,  then,  in  place  of  the  two  wheels, 
with  their  arbors  horisonlally  placed,  let  there  be  one  arbor  placed 
perpendicularly,  on  which  are  fixed  two  beveUed  wheels,  the  upper 
one  of  which  pitches  with  the  first  bevelled  wheel ;  the  lower  one, 
whose  lower  pivot  or  arbor  may  be  connected  with  that  of  another, 
which  canies  a  bevelkd  wheel,  turning  four  others,  all  of  them  in  the 
same  firame :  The  four  wheels,  if  properiy  placed,  will  turn  the  four 
minute  arbors  at  the  dials  all  in  their  proper  course  or  direction.  This 
firame  will  require  to  be  placed  a  little  below  that  of  the  main  fr^me  of 
die  clock.  It  is  seldom  that  four  dials  are  wanted,  and  in  most  instan* 
oes,  the  two  opposite  generally  suffice.  To  lead  the  snail  wheel,  or  what 
is  generally  tiiough  improperly  called  the  hour  wheel,  let  another  flat 
minute  wheel,  of  the  same  number  of  teeth  and  diameter  as  the  first, 
be  pitched  with  it,  and  whose  arbor  goes  through  the  main  firame ; 
and  near  the  edge  of  the  going  great  wheel,  a  little  below,  on  the  left 
band  side,  a  cock  on  the  fore  bar  receives  the  wheel  pivot,  and  the 
aibor  is  free  on  the  fore  bar:  the  other  |nvot,  which  is  left  pretty 
duck,  turns  in  the  back  bar;  on  the  end  of  this  pivot,  which  is  pro- 
longed a  little  way  beyond  the  bar,  is  formed  a  lanthom  pinion  of  4 
or  6,  or  such  a  number  as  may  suit  the  number  of  teeth  in  the  snail 
tiiieel ;  or  a  pinion  of  a  proper  number  having  a  proag  to  it,  may  be 
twisted  in  a  hole  made  in  the  arbor  to  fit  and  receive  it     A  lanthom 
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pinion  of  four  i¥ill  lead  about  the  snail  wheel  and  snail,  having  a  com- 
mon socket ;  the  wheel  having  48  teeth,  and  7  inches  in  diameter,  and 
turning  on  a  stud  in  the  back  bar ;  the  rack  is  also  on  a  stud  here* 
The  pivot  required  to  have  a  lanthom  pinion  formed  on  the  end  of 
it,  for  a  wheel  of  48  teeth,  and  7  inches  diameter,  would  be  rather 
too  thick ;  so  that  by  keeping  the  pivot  of  a  moderate  size,  or  suffi* 
ciently  thick  to  have  a  hole  in  it  to  receive  the  prong  of  a  pinion  of 
6,  and  the  snail  wheel  72,  may  be  a  better  way  than  tiiat  which  we 
firat  proposed.  The  hour  lifting  arm  and  the  detaining  one  may  be 
formed  or  not  from  one  and  the  same  piece,  and  fixed  on  an  arbor 
which  hes  above  the  great  wheel,  whose  pivots  must  run  in  cocks 
attached  to  the  main  frame  ;  cocks  are  also  required  for  the  hammer, 
the  verge,  taid  pendulum.  The  length  of  the  pendulum  which  we 
have  proposed  for  this  clock,  may  be  thought  by  some  rather  incon- 
veniendy  long,  which  is  a  matter  that  can  veiy  easily  be  got  the  bet- 
ter of,  by  assuming  any  other  lengths,  say,  6,  7,  or  8  feet :  either  of 
diese  lengths  will  perhaps  have  dominion  enough  over  the  clock ;  but 
these  will  require  other  sets  of  numben  for  the  second  and  third 
wheels,  allowing  the  pinions  to  remain  10  each,  and  the  swing  wheel 
iD  have  30  teeth.  The  second  wheel  having  76  teeth,  the  third 
wheel  60,  the  pinions  10  each,  and  the  swing  wheel  30,  the  vibrations 
in  a  minute  are  46,  the  length  of  pendulum  required  is  6  feet  9.7 
inches.  If  the  third  wheel  of  this  set  be  made  70,  all  othera  remaining 
the  same,  the  vibrations  in  a  minute  will  be  42,  and  the  length  of  the 
pendulum  6  feet  8  inches  ;  40  vibrations  in  a  minute  would  require  the 
vdieels  to  be  too  disfM-oportionate  in  numbera,  unless  we  were  to  make 
one  of  the  pinions  12  in  place  of  10 ;  the  wheels  in  this  case  would 
be  76  and  64.  In  the  other  they  would  have  been  80  and  60. 
The  length  of  pendulum  is  7  feet  4.2  inches;  the  vibrations  in  a 
minute  38;  the  pinions  10  each,  and  the  swing  ifiieel  30.  The 
wheels  are  76  and  64,  the  length  of  pendulum  8  feet,  1.73  inches. 
Wheels  80, 72,  and  30,  and  pinions  of  12,  will  give  40  vibrations  in  a 
minute. 

It  is  certainly  not  requisite  to  give  any  more  examples  of  con* 
structing  turret  clocks.  The  one  which  has  been  given  is  sufficient 
to  enable  any  intelligent  artist  to  proceed  in  this  way,  whether  with 
clocks  going  eight  days,  or  with  those  which  require  daily  winding  up. 
There  are  often  great  objections  made  against  die  trouble  of  dail^ 
winding  up  a  turret  clock,  but  when  this  trouble  can  be  submitted 
to,  a  clock  of  this  sort  is  decidedly  preferable  to  those  idiich  go  eif^t 
days.  Turret  clocks  which  strike  quartera  are  sometimes  made, 
some  of  which  are  done  by  a  quarter  rack  and  snail,  and  others  by  a 


TPB&KT   CtOCK-WORK.  401 

eaunt  niieeL  For  die  degeriptkm  of  a  thirty-hour  clock  of  this  Uod, 
{Nit  up  iQ  the  town-houae  of  Fmib  in  the  year  1782,  we  refer  to  Ber- 
thood'a  Biifotrc  de  la  Afovre  du  Temp$  par  /et  Harloge9.  This 
ia  perfaape  one  of  die  fineat  public  ck)cka  in  £urope.  it  was  con- 
atructed  with  much  care  and  ezpenae,  and  ia  the  onl^  one  which  haa 
enamelled  diala,  one  of  which  i3  above  9  feet  in  diameter. 

Akhougb  not  in  ita  proper  plaeoi  we  maj  here  remark,  that  where 
fiour  aelB  of  diala  and  dial  work  are  required,  it  would  haidlj  be  safe 
to  traat  them  to  a  atrong  apring  tight  collet  behind  the  minute  wbeeL 
We  would  therefore  propoae,  tfaatthe  pivot  of  the  aecond  wheel  pinion 
be  aquared  down,  and  a  tittle  longer  bejond  the  fore  bar  than  what 
PM  prepoaed  finr  the  aquare  of  the  apring ;  thb  ia  for  the  particular 
leaaon  <>f  g!Btt^  eaailj  at  a  bolt  pin  when  at  any  tune  aetting  the 
)ianda.  Oo  thia  aquare  of  the  pinion  let  the  squared  aocket  of  a  plain 
wheel  be  very  well  fitted.  This  wheel  ia  about  3.6  inchea  in  diame- 
tei:  and  in  thickneaa  about  ope-fourth  of  an  inch.  The  minute  wheel 
ajtamlt  have  a  sink  in  it,  ao  as  to  receive  the  plain  wheel,  but  the  aink 
nupt  be  more  extended  in  diameter,  to  admit  a  skeleton  aort  of  a  rim 
of  a  wfaed  with  forty  teeth  cut  inaide  of  it  Thia  rim  must  fit  well 
the  inaide  of  the  aink  in  the  minute  wheel,  and  be  fixed  to  it,  either 
by  aoft  solder,  or  some  other  meana.  The  minute  wheel,  in  thia  caae 
of  the  sink  in  it,  will  require  to  be  thicker  than  in  the  caae  of  the 
apiipg  coUet  A  bolt  may  be  lodged  under  a  dovetail  sUt  made  in 
the  plain  wheel ;  in  this  slit,  and  lying  close  to  the  aink,  the  bolt  can 
heipade  to  move  outer  into  the  inaide  teeth  on  the  minute  wheel; 
on  the  end  opposite  that  of  the  locking  end  of  the  boH,  is  fixed  a  stout 
romod  pin  or  knob,  for  the  finger  to  pull  out  when  occasionally  setting 
the  hpnds ;  this  pin  serves  also  for  a  stout  spiing  to  push  the  bolt  into 
its  i^aee  between  the  inaide  teeth. 

In  fittii^  up  the  dial  work  immediately  behind  the  diala,  it  may 
t»e  recommended  to  adopt  that  which  waa  contrived  and  put  in  prac- 
tice in  die  different  dial-works  of  St  Andrew's  church  clock :  on  the 
minnte  arbor,  juat  by  the  lower  end  of  the  hour  wheel  socket,  ia  a 
looae  steel  washer,  which  ties  close  to  the  fore  plate  of  the  dial  work 
finme;  and  ahouU  the  wind  preas  the  hour  hand  and  hour  wheel 
aooket  down,  it  afiects  no  other  part,  but  only  presses  the  washer 
againstthe  plate.  Inside  of  the  dial-work  frame,  and  on  the  minute 
arbor,  b^  washers  to  prevent  any  binding  on  the  ends  of  the  hour-wheel 
aocket 

In  the  town  dock  at  Paria,  the  revolutions  of  the  fiy  striking  the 
hour,  are  eight  for  eveiy  blow  of  the  hammer ;  the  fly  of  the  quarter 
part  makes  four  revolutions    for  every  quarter   hammer  blow,   there 
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being  ten  lifting  pins  on  each  side  of  (he  great  whed,  making  20 
lifts,  the  amount  of  the  quarter  blows  in  an  hour.  The  wings  or 
vanes  of  the  flys  in  this  clock  are  pretty  broad  and  long,  and  can  be  set 
to  take  more  or  less  hold  of  the  air.  The  fly  of  Hindley's  clock,  in  the 
Orphan  Hospital,  Edinburgh,  makes  4.57  turns  for  every  blow  of  the 
hammer ;  but,  from  the  imperfect  construction  of  the  clock,  no  ade> 
quate  weight  of  hammer  can  be  raised,  and  hence  a  sufficiency  of  sound 
cannot  be  obtained  from  die  bell.  It  has  been  said  that  the  weight 
of  the  hammer  for  this  purpose  should  be  6  pounds  weight  for  evety 
100  pounds  in  the  bell.  Turret  clocks  in  general  must  either  have 
their  bells  too  large  for  this  proportion,  or  the  clocks  have  not  been 
made  to  raise  a  heavy  enough  hammer.  The  arm  of  the  hanuner, 
when  at  rest,  should  hardly  make  an  angle  of  elevation  above  20  de- 
grees, or  24  at  most ;  and  in  order  to  get  as  much  mass  of  matter  in 
the  hammer  head,  the  tail  by  which  it  is  raised  should  be  pretty 
long,  and  give  a  rise  from  the  bell  as  little  as  possible.  But  this  db- 
tance  of  rise  from  the  bell  must  depend,  among  other  things,  on  the 
length  of  the  arm,  and  on  the  angle  or  length  raised  by  the  pin  wheel 
and  hammer  tail. 

It  was  formerly  proposed  to  fix  on  the  fore  bar  the  small  dial,  to 
which  the  minute  hand  is  set  at,  when  setting  those  of  the  principal 
dials  ;  but  it  matters  not  whether  a  dial  is  fixed  and  the  minute  hand 
is  movable,  or  the  minute  hand  is  fixed  and  the  dial  movable.  Sii|^ 
pose  that,  by  means  of  diree  small  and  short  brass  pillars,  fixed  inmde 
of  the  beveled  wheel,  we  now  screw  on  the  tops  of  them  a  light  round 
dial,  having  the  minute  divisions  'and  figures  on  it,  and  the  minute  index 
fixed  on  the  fore  bar,  we  can  here  make  the  beveled  wheel  be  turned 
about  till  the  minute  index  points  to  the  proper  minute.  This  mode  will, 
besides,  allow  us  to  have  more,  conveniently  three  sets  of  dial  work, 
that  is,  two  by  the  beveled  wheels,  whose  arbors  are  laid  horizontalt 
and  the  third  by  connecting  it  with  die  socket  of  the  first  or  front  bev- 
eled wheel. 

Where  turret  clocks  are  of  a  large  size,  and  have  very  heavy 
weights  applied  to  the  barrels,  they  require  much  force  and  strengdi 
to  wind  them  up.  In  order  to  remedy  this,  an  apparatus  of  much 
the  same  nature  as  that  which  is  commonly  applied  to  cranes  has  been 
used.  This  consists  of  a  wheel,  with  rather  strong  and  coarse  teeth, 
fixed  on  the  barrel  end  opposite  to  that  where  the  great  wheel  is.  A 
pinion  of  any  number,  on  whose  arbor  a  square  to  receive  the  wind- 
ing up  key  is  attached  to  the  clock  firame,  by  means  of  a  cock,  &c. 
so  as  to  pitch  with  the  wheel  on  the  barrel  end ;  and  by  this  means, 
a  considerable  weight  can  be  raised  with  ease,    requiring  much  less 
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«Mrtioa»  but  more  time  than  when  the  winding  up  is  perfonned 
by  the  hami  arbor.  The  clock  in  the  town-house  of  Paris  is  wound 
Up  in  this  manner*  which  is  represented  in  the  drawing  of  Tick's 
dockv  Plate  I.  1.  The  size  of  the  wheels  and  strength  of  teeth, 
amy  be  regulated  according  to  the  weight  to  be  wound  up.  The 
veigfat  of  the  going  part  is  in  all  cases  light,  when  compared  with 
that  which  is  necessary  for  the  striking  part,  in  most  of  these  clocks. 
Besides  the  advantage  of  winding  up  a  heavy  weight  with  ease,  this 
method  has  another,  which  is  that  the  barrel  arbor  pivots  can  be 
used,  eidier  in  conducting  the  hands,  discharging  the  quarter  or 
atnUng  parts,  or  turning  count  wheels,  &c.  The  old  wa^  of  the  (h- 
vision  of  the  hours  striking  by  the  count  wheels  and  locking  plate, 
and  locking  on  the  hoop  wheel,  does  not  yield  in  ingenuity  to  any 
thing  which  has  been  since  introduced  in  its  place  by  modem  clock- 
makers.  The  only  great  objection  to  the  old  way,  was  the  trouble 
of  making  the  clock  strike  a  round  of  eleven  hours  or  so,  when  the 
^^'i^npg  of  the  hour  not  corresponding  with  the  hands,  took  place 
from  any  accidental  discharge.  It  may  not  be  out  of  its  place  to 
observe  here,  that  the  application  of  the  cord  or  rope  for  the  weight 
shoukl  be  on  that  side  of  the  barrel  which  lies  next  to  the  pinion  in- 
to wbick  the  great  wheel  acts,  especially  in  turret  clocks,  as  this  re- 
lieves the  barrel  [Hvots  of  a  great  degree  of  friction,  which  they  would 
otherwiae  undergo  were  the  course  of  the  rope  and  weight  on  the 
opposite   side. 

If  the  barrel  is  made  the  same  diameter  with    that  of  the  great 
wheel,  the  action  of  the  weight  or  moving  force  may  be  applied  whol- 
ly or  nearly  so  on  the  pinion,  by  which  means  the  friction  on  the  bar- 
rel pivots  will  be  almost  nothing,  or  nearly  annihilated.     It  is  but  jus- 
lice  to  the  memory  of  Julien  Le  Roy  to  say,  that  he  seems  to  have  been 
(he  fimt  who  takes  notice  of  this.     (See  the   new   edition  of  Sully's 
lUgk  JlHificUUe  du  Temps,  par  Le    Roy,   p.  340.     Paris,    1737.) 
Ajad  Professor  Ludlam,  in  his  correspondence  about  the  Greenwich 
clock  in  1779,  recommends  it  to  the  attention  of  Mr.  Holmes.     See 
the  diagram,  Plate  XIV.     Let  B  be  the  barrel,  and  as  large  in  dia^ 
meter  as  the  great  wheel,  C  its  centre,    A    is  the  pinion  which  the 
great  wheel  acts  on.     Suppose  the  line  or  cord  to  part  from  the  bar- 
rel at  A,  and  to  go  downwards ;    in  this  case  the  whole  weight  will 
rest  on  the  leaves  of  the  pinion,  and  none   of  it  on    the  centre  C. 
Seeondiiy,  Suppose  the  line  to  part  from  the  barrel,  on  the  opposite  side 
at  D,  to  go  upwards,  and  turning  round  a   pulley  to  have    the  same 
weight  hung  upon  it ;    in  this  case    the  very  same  force  or  weight, 
will    act  upon  the  leaves  of  the  pinion  as  before,  but  dotdfle  that  weight 
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will  rest  upon  or  press  the  centre  C.  In  bodi  cases  Hm  pinkm  ii 
turned  the  same  way,  and  with  exactly  the  same  foroe.  In  the  for* 
mer  the  centre  C  has  no  pressure  from  the  weight ;  in  the  latter,  tiM 
pivots  press  the  pivot  holes  with  double  the  weight  hung  on. 

Although  we  have  taken  an  eight-day  tuiret  clock  by  way  of  an 
example,  we  however  by  no  means  recommend  them*  Cloctewhidi 
require  to  be  wound  up  every  day,  are  nuich  better,  and  have  grtat- 
ly  the  advantage ;  any  that  we  have  made,  were  all  of  the  latter  kind. 
The  fine  clock  in  the  Hotel  de  Yiile  at  Paris,  that  of  8t  Paul's^  and 
of  the  Horse  Guards  in  London ;  the  Town  Clodk,  and  that  of  St* 
Andrew's  Church,  Edinburgh,  and  almost  all  public  clocks  of  charac* 
ter,  require  to  be  wound  up  every  day.  It  is  to  be  regretted  thttt 
modem  architects,  when  plaiming  out  a  church  or  ady  buikfiBg^ 
where  it  is  known  that  it  is  to  have,  or  must  hate  a  dock,  tbat  they 
take  this  matter  so  little  into  consideration.  Hei^^t  or  length  of  ftM 
for  the  clock  weights,  and  sounding  boards  for  the  bdle,  were  muek 
attended  to  when  building  spires  for  the  ancient  churches*  An  in- 
stance  of  this  is  seen  in  Sir  Chnstof>her  Wren's  architecture  of  the  gUMl 
Cathedral  Church  of  St  Paul's,  where  the  faH  fw  the  clock  weig^ 
allow  of  such  a  force,  as  by  a  stroke  of  the  hammer  it  can  make  a 
bell  of  11^474  lb.  be  heard  at  a  distance  of  two  and  twenty  mllesw 
We  heard  it  at  Windsor  Castle  in  the  month  bf  June,  1T7B  :  &e  ddty 
was  still  and  calm ;  and  attending  to  try  if  the  clock  could  be  heaird 
when  striking  the  twelve  o'clock  hour  at  noon,  (which  we  did  hear,) 
the  sound  that  Came  through  the  air,  was  not  Mke  that  of  a  bell,  but 
had  alow,    dull,   and  feeble  tone  barely  perceivable. 

We  have  heard  a  story  of  a  sentinel  when  on  duty  at  Windsor  Cas- 
tle in  the  night  time :  it  was  alleged  that  be  had  been  off  during 
the  time  of  his  being  on  guard,  for  which  he  was  brought  to  tiki 
by  a  court  martial,  for  neglect  of  duty.  He  stated  in  his  defence, 
diat  he  heard  St.  Paul's  clock  strike  thirte^i  at  midnight,  which 
Was  corroborated  by  others  who  heard  the  same  number ;  by  tiiis  he 
inras  acquitted.  A  little  ticklishness  in  the  locking  of  the  striking 
part  may  have  caused  this  to  take  place. 

At  the  time  when  the  public  clock  for  the  Royal  Hospital  at  Green- 
wich was  about  to  be  made,  Mr.  John  Smeaton,  civil  engineer,  lOld 
the  Heverend  William  Ludkm,  professor  of  mathematics  in  the  eni- 
versity  of  Cambridge,  having  taken  a  warm  interest  in  the  cattstrtie- 
tion  of  it,  (w  will  appear  by  their  letiere  on  thai  occonon,*  singly 
recommended  that  it  should  be  made  to  go  only  thirty  hours.     They 

*  For  these  letters,  see  Appendix  (A.) 
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«en  belli  weD  known  in  dMir  time  «•  Teiy  competent  to  give  tlie  beit  of 
dfiraeiions  m  tbis  iflilir ;  jM  their  advice  was  over*niled  by  a  majority  of 
ti»  coomiiaatonen.  Mr.  Smealoa  wa«  at  tbe  time  one  of  tbem,  but 
was  left  in  tte  minority.  It  was  bumoroualy  observed  by  Mr.  Ludlam« 
ttttt  il  was  gnidging  8hoe4eather  to  serve  a  good  pmpose.  It  may  be 
m^yposed  that  mny  of  tbe  gallant  old  tars  or  inviJids  in  the  hospitaU 
woiddt  for  a  meie  trifle  of  tobacco,  have  gone  every  morning  up  to  the 
cupola,  and  wound  up  tbe  dock. 


CHAPTER  XXI. 


On  the  Method  i^Jitimg  up  JlMtnmamieal  Clocke* 

ALTHmioH  tbe  example  of  calculation  whidi  we  have  given  for  the  differ* 
ent  parte  of  a  tunret  dock,  is  applicable  to  any  clock ;  yet,  m  order  to 
make  the  calcnlaition  more  fiuniliar  and  easy,  we  shall  apply  it  to  an  astro- 
nomieal  dock,  intended  to  go  83  daya  without  winding  up,  performing  the 
coaapMaliott  in  the  most  rigid  manner,  as  these  dodts  ou^t  to  be  made 
as  perfect  as  possible  in  all  their  parts* 

From  the  inside  botttmi  of  die  intended  case  to  the  Under  side  of 
the  seat  board,  is  supposed  to  be  4  feet  10.7  inches,  liie  seat  board 
one  inch  thick,  and  the  distance  from  tbe  upper  side  of  it  to  the 
eeetn  of  die  dial  8.196  inches,  or  8^  inches.  From  these,  to  obtain 
a  proper  diameter  for  the  bairel,  which  is  to  have  sixteen  turns  on 
it,  we  propose  that  the  length  taken  up  by  the  pulley  and  wei^ 
shdl  not  exceed  6  inches,  and  that  the  wei^t  shall  be  about  101b.  or 
periiaps  etBtk  less.  Four  feet  10.7  inches  diminished  by  6  inches,  will 
be 4 feet 4.7 mches,  and  thb  doubled  wiH be 8 feet 0.4  inches;  which 
divided  by  16,  the  number  of  turns  proposed  for  tbe  barrel,  we  diall 
have  1064  tendM  of  tnehes,  wUch  divided  by  16,  will  give  66^876 
tenlbs  for  one  turn  round  the  bttrd.  From  this  to  find  tbe  diame- 
Sbt  of  the  barrel,  say  as  866  is  to  118  so  is  66.876  to  tbediameter 
leqoired,  which  vrfll  be  found  to  be  3.0968  inches.  The  ^ameter 
jgiven  here  for  the  barrel  must  be  lessened  by  a  diameter  of  the  gut 
The  diameter  of  die  gal,  wbidi  we  had  34  years  at  a  mondi  dock, 
nnd  which  carried  a  weight  of  34fts«  was  .046  of  an  mch ;  it  might 
bave  even  supported  it  mnch  longer,  but  a  difibrent  wei^t  was  Bfter- 
vraids  hung  <».  it  m  ^ety  HAck  gut  al  .080  of  an  inch,  and  .060  of  an 
inch  is  about  die  diameter  of  common  siaed  gut,  wbich  we  shafi  tak^B 
fcr  our  estimate  in  the  hamster  d*  the  barrel;  then  3.0968  inches 
mtmtf  .060  of  an  inch,  will  give  for  the  true  diameter  of  die  bairel 
3.0868  inches.     The  diameter  might  be  kept  even  a  little  larger 
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dian  Hmh  since  the  cutting  of  the  screw  upon  the  barrd  for  the  gut  to  ride 
in  will  lessen  it  a  little.  The  depth  of  the  screw  cannot  be  much  more 
or  less  than  .020  of  an  incbf  at  which  we  shall  take  it ;  2.0868.  +020  will 
then  make  the  diameter  of  the  barrel  2*0668  inches. 

It  is  more  than  40  years  ago  since  we  proposed  that  the  trade  in  gen^ 
ral  should  adopt,  for  all  their  work,  gages  having  inches  and  the  lowest 
subdivisions  of  an  inch  marked  on  them.  Had  this  been  done,  it  would 
have  made  all  the  communications  between  the  difierent  branches  of  the 
art  extremely  simple  and  easy ;  and  yet  however  simple  this  may  appear, 
it  has  never  been  done.  It  must  be  observed,  that  every  branch,  such  as 
movement-maker,  enamell.er,  glass-maker,  i^iing-maker,  veige-maker, 
ftc.  have  all  their  own  gages,  not  one  of  which  corresponds  with  that  of 
his  neighboi's,  and  all  these  gages  have  numbers  applied  to  them.  On 
what  these  numbers  are  founded,  it  would  puzzle  very  much  both  the  mak- 
ers and  oimers  of  the  gages  to  tell. 

To  get  the  length  of  the  barrel  between  the  ends,  let  us  take  the 
diameter  of  the  gut  at  .080  of  an  inch,  in  order  to  allow  freedom  be- 
tween the  turns  on  winding  round  the  barrel.     This    .080  multiplied 
by  16,  the  number  of  turns   proposed,  will  give    1.28   inch,  or  veiy 
near  1  inch  and  i^ths  of  an  inch  for  the  length  of  the  banel  between 
the   ends.      The   barrel,  or  great   wheel,   making  a  revolution  in  46 
hours,  we  must  see  what  the  number  of  teeth  for  it,  and  the  second 
wheel  pinion   which  it  drives,   ought  to  be,  and  likewise  the  number 
of  teeth  for  the  second   wheel,  and  that  of  the  centre  pinion,  so  that 
this  last  shall  make  48  turns  for  one  of  the  great  wheel.     Let  us  as- 
sume 24  for  the  number  of  the  second  wheel  pinion,  and  20  for  that 
of  the  centre  pinion.      If  we  take  6  times  24  for  .the  number  of  the 
great  wheel  teeth,  and  8  times  20  for  the  number  of  teeth  in  the  se- 
cond wheel,  then  the  centre  pinion  will  be  turned  48  times  reundfor 
once  of  the  great  wheel,  as  6  x8=:48.    Having  assumed  the  pinions 
to  be  24  and  20,  these  multiplied  into  one  another,  and  the  product 
multiplied  by  48,  the   last  product  will  be  such  a  number,  as  when 
divided  by  a  number  for  one  wheel,  the  quotient  will  be  a  number  for 
another   wheel,   24  x  20  =  480  x  48  =  23040,   which    divided    by 
144,  the   number   for   one   wheel,   the   quotient  will  be  160  for  the 
number  of  teeth  of  the  other  wheel.     Or  if  we  take  26  for  the  num- 
ber of  the  second  wheel  pinion,  and  20  for  the  other,  these  multipli- 
ed together,  and  (he  product  agpin  by  48,  will  give  such  a  number, 
as  when  divided  by  160,  the  number  for  one  wheel,  the  quotient  will  be 
160    for   the    number  of  the    other    wheel,    26  X  20  =  600  X  48 
-=24000-7-160=160.      The   numbers  for  the  teeth  of  these   wheels 
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may  be  obtained  in  the  same  way  which  we  make  use  of  to  find  the 
numbers  of  the  teeth  of  the  wheels  for  clock  and  watch  movements. 
If  we  lake  26  for  the  second  wheel  pinion,  and  20  for  the  centre  pi- 
nion, and  multiply  them  into  one'  another,  and  if  the  product  is  again 
multiplied  by  48,  the  number  of  turns  of  the  centre  pinion  for  one  of 
the  great  wheel,  we  shall  have  a  num{>er  which  being  subdivided  tiU 
there  is  no  remainder,  the  divisors  will  form  such  sets  of  numbers  as 
may  be  given  for  the  teeth  of  the  two  wheels.  Thus  26  x  20  =  520 
X  48  =  24960,  the  divisors  of  which  will  be  seven  2^,  one  3,  one 
6,  and  13,  which  give  the  numbers  156  and  160  for  the  wheels.  For 
the  subject  of  our  astronomical  clock,  we  shall  adopt  the  number  144 
for  the  great  wheel,  and  160  for  the  second  wheel,  and  its  pinion  24, 
and  20  for  the  centre  wheel.  The  object  is  to  have  as  high  numbered 
wheels  and  pinions  as  can  be  conveniently  got  in.  The  diameter  of 
the  gr«)^t  wheel  is  assumed  to  be  such,  as  will  allow  the  teeth  propo- 
sed for  it  to  have  strength  enough  to  bear  the  exertion  put  on  them, 
which  we  shall  lake  at  3.520,  and  for  that  of  the  second  wheel  3.300. 
In  other  words,  there  are  3.5  inches,  and  .020  parts  more  of  an  inch, 
for  the  one,  and  3.3  inches  for  the  other.  The  pinions  for  the  third  and 
swing  wheels  are  to  be  16  each,  the  number  of  teeth  for  the  centre  wheel 
128,  and  for  the  third  wheel  120.  For  the  sake  of  saving  trouble  to 
those  who  may  be  inclined  to  make  such  a  clock,  we  shall  give  the 
diameters  of  the  wheels  and  pinions,  and  the  distance  of  their  centres* 


The  great  wheel 

Second  wheel 

Centre  wheel 

Third  wheel 

Swing  wheel 

Wheel  concentre  \ 
with  the  second  >      20  .7436        1.522 

ditto    -      -       j 

The  wheel  of  20  is  concentric  with  the  second  wheel,  which  making 
three  revolutions  in  24  hours,  carries  the  hour-hand  wheel  of  60  once 
round  in  that  time.  The  hour  circle  will  have  -the  24  hours  mark- 
ed on  it,  that  is,  from  1  to  24,  being  intended  for  a  siderial  time 
clock.  There  is  fio  other  dial-work  than  the  wheels  of  20  and  60, 
which  will  require  to  have  the  hour-hand  turned  about  by  itself, 
(this  cannot  be  considered  as  inconvenient  by  those  who  wish-  to  have 
the  most  perfect  mechanism  for  the   dial-work)    when  at  any   time 


Teeth. 

Diameter. 

Distance 
of  Centre. 

Pinion. 

Diameter. 

144 

3.520 

2.0217 

24 

.614 

160 

3.300 

1.830 

20 

.4372 

128 

2.600 

1.4372 

16 

.3493 

120 

2.300 

1.280 

16 

.329 

30 

2.000 
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the  clock  10  set  by  die  miniils  hand.  From  tbe  oenbe  of  tte 
dial  to  the  centre  of  the  honis  and  seconds  circles,  ia  2.6  » 
ches  to  eacL  The  centre  of  the  great  wheel  is  on  a  line  below 
the  centre  of  the  dial  about  1  inch,  and  to  tbe  left  of  die  peipendicii- 
lar  linot  in  the  centre  of  die  diali  2.9  inchee.  The  centre  of  the 
tUbd  wheel  is  also  to  the  left  of  this  line,  a  litde  more  than  half  an 
inchf  say  .&19  of  an  inch,  'tho  'scaperaenlt  we  would  propose  to  be 
the  same  as  those  which  we  have  made  to  astronomical  docks,  aftar 
the  principal  of  that  of  Itfudgs's  tiine-keq[>ei8 ;  only  the  paUets  mig^ 
be  made  longer,  and  the  springs  of  eourse  a  little  stranger.  The 
angle  of  'scapement  might  be  reduced  to  16  minutes  on  each  side  of 
the  point  of  rest,  and  yet  the  pendulum  may  be  made  to  vibrate  about 
1.5  degrees  on  each  side.  The  unlocking  here  would  be  as  near  the 
lowest  point  as  possible,  or  when  the  pendulum  had  its  maiimumof 
force;  or  the  'scapement  which  we  think  preferable.  See  page  207» 
&c  and  Plate  YUL  42..Nos.  1  and  2. 


CHAPTER  XXn. 

On  Church  BeUa  and  Chngi* 


It  is  still  a  point  undetermined,  whether  the  common  shape  of  the 
bell,  or  that  which  is  called  the  dish  fonn,  chiefly  used  for  house 
clocks,  is  the  best.  The  great  expense  which  attends  experiments  on 
bell  founding,  will  probably  keep  this  long  undecided. 

BeDs  are  said  to  have  been  invented  by  Paulinus,  bishop  of  Nola  in 
Campagnia,  about  die  year  400 ;  first  known  in  France,  650 ;  first 
used  by  die  Greek  empnre,  864  ;  were  introduced  into  monasteries  in 
the  seventh  or  eighth  century.  Pope  Stephen  in.  fixed  three  bells  in  a 
tower  on  St.  Peter's  in  Rome.  In  the  churches  in  Europe  they  were 
introduced  and  became  general  in  900.  They  were  first  introduced  into 
Switzerland,  1020.  The  first  tuneable  set  m  England  was  Imng  up  in 
Croyland  Abbey,  in  Lincolnshire,  960.  The  custom  of  christening 
or  blessing  be])s  is  very  ancient,  (which  probably  took  place  at  their 
first  introduction  to  churches)  ;  it  was  expressly  prohibited  by 
Charlemagne  jtn  769.  In  some  places  this  custom  came  a&  far  down 
as  1090. 

They  were  otiserved  to  be  beard  farther  when  placed  on  plains 
.than  on  hills,  and  still  farther  in  valleys  than  on  plains ;  the  reason 
(q(  which  will  not  be  very  difiicuk  to  explain,  if  it  be  considered  that 
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tte  fai^ier  the  noaorooB  body  is,  tbe  rarer  is  the  medium ;  coiise- 
^juendj  the  less  proper  vehicle  it  is  to  cimvey  the  sound  to  a  distance ; 
ftcnn  a  fike  cause,  they  are  well  heard  in  foggy  weather.  Nankin,  in 
Cfauia,  was  anciently  ftmous  for  the  largeness  of  its  bells ;  but  their 
enwinous  weight  brought  down  the  tower,  and  the  bells  have  ever  since 
lain  on  the  ground.  One  of  these  bells  is  twelve  £nglish  feet  high, 
the  diameter  seven  and  a  half,  and  its  circumference  twenty-three ;  its 
figure  almost  cylindrical,  except  for  a  small  swelling  in  the  middle; 
and  the  thickness  of  the  metal  about  the  edges  seven  inches.  From 
the  dimensions  of  this  beU,  its  weight  is  computed  at  60,000  lbs.  which 
ie  more  than  double  the  weight  of  that  at  Erfurt,  said  by  Father  Kircher 
to  be  the  greatest  bell  in  the  worid.  But  others  assert  that  the  bells 
at  Moecow  are  vasdy  larger ;  that  given  to  the  cathedral  by  Boris  Go- 
dona  weighed  288,000  lbs.  Bven  this,  however,  is  exceeded  by  the 
beQ  which  was  cast  by  order  of  the  £mpress  Anne,  the  weight  of  which 
is  4d2,000  lbs. ;  its  circumference  at  the  bottom  more  than  twenty  yards, 
itshei^t  nineteen  feet,  and  its  thickness  twenty-three  inches.  How 
diminutive,  in  companson  of  this  most  stupendous  bell,  are  die  largest  ^ 

in  England !  the  greatest  bell  in  Christ  College,  Oxford,  weighing  only 
17,000  lbs.  that  at  St  Paul's,  London,  11,474,  and  Grtat  T<m  of  Lin- 
coln, 10,845  lbs.     See  Imperial  Encyclopcadii^ 

**The  great  bell  in  the  Kremlin,  Moscow,  (which  must,  be  that 
cast  by  the  order  of  the  Empress  Anne,)  the  circumference  obtained 
was  sixty-seven  feet  and  four  inches,  which  allows  a  diameter  of 
twenty-two  feet,  five  inches,  and  one-third  of  an  inch.  The  perpen- 
dicular height,  from  the  top  of  the  bell,  corresponds  exacdy  with  the 
statement   made    by    Hanway^   namely,    21  feet  four   inches  and  a  ^    f^.  L^  j 

half.     In  the  stoutest  part,  that  which  should  have  received  the  blow  off  ^  '*  j     .     ^    ; 
the  hammer,  its  thickness  equalled  twenty-three  inches.     The  weight 
of  this  enormous  mass  of  metal  has  been  computed  to  be  443,772 

r 

lbs.  which,  if  valued  at  three  shillings  per  pound,  amounts  to 
JS  66,665.  16s.  laying  unemployed,  and  of  bo  use  to  anyone.''  **In 
die  belfiy  of  St  Ivan,  Church  of  St  Nicolas,  in  the  Kremlin  at 
Moscow,  there  is  a  bell  suspended  beneath  others,  though  of  lesa 
size,  which  is  enormous.  It  is  forty  feet  nine  inches  in  circumfer- 
ence,  sixteen  inches  and  a  half  thick,  and  its  weight  more  than  fifty- 
seven  tons,  3651  Russian  poods,  or  127,836  lbs."  See  Clark^B 
TnmeU. 

The  bell. in  the  metropolitan  church  at  Rouen,  is  said  to  be  eleven 
feet  in  diameter,  and  thirteen  feet  high.  The  gieat  bell  at  Erfiirt, 
mentioned    by    Kircher   in  his   Musurgia    VmversaUSf   weighs    only 

62 


410  0BUB9H    BBUiS. 

35,000  lbs.  It  may  be  said  on^,  when  coaajiared  to  a  ball  in  CUiiih 
said  to  be  in  diameter  thirteen  feet  and  a  haK  for^^tiio  feet  in  etrean^ 
ferenee*  twelve  feet  and  a  half  in  hei|^  and  w^gha  190,000  Iba.  er 
above  fi%  tons*  **The  braaa  bell  in  StiaiAniig  weighs  ten  tons; 
the  other,  which  is  of  silver,  weighs  above  two.''  See  A*.  JMoert^a 
Traceh. 

In  1752,  the  old  clock  in  York  Minster  was  lendeied  gsoless  bj 
age,  and  being  removed,  another  was  made  and  put  up  by  Henry 
Hindley  of  York,  at  the  expense  of  about  i^SOO.  This  ck>ck  ia  saU 
to  be  very  finely  executed.  The  diameter  of  the  laigeat  (of  a  riag 
of  twelve  bells,)  in  YoiiL  Minster,  was  Bre  feet  nine  and  a  half  incheai 
and  was  59  cwt 

In  1765,  they  were  taken  down  as  untunaUe,  and  waie  i^phoed, 
in  the  same  year,  by  a  set  of  ten  bells,  cast  by  Messrs.  Leeter  and 
Pack,  beil-founderB,  Whitecbapel.  They  are  of  the  same  weighC 
and  size  as  those  which  they  cast  for  Bow  Church  in  London 
in  the  year  1762.  Any  diflforence  is  at  least  too  trifling  to  notice. 
The  wei|^  and  siaes  below  are  what  were  given  for  the  iwt  in  Yodi 
Minster. 


Cwt 

,  qre.    lbs. 

Feet,  inches. 

1st, 

8 

3       7 

Diameters 

2     8i 

2d, 

9 

1       6 

- 

2     9i 

3d, 

10 

1     22 

-        -        - 

3     0 

4th, 

12 

2     21 

.        -        - 

3     2\ 

5th, 

13 

2     22 

~        ■        • 

3     5 

6th, 

16 

0      4 

-        -        - 

3     7i 

7th, 

21 

0     23 

-        -        - 

4     Oi 

8th, 

26 

0     13 

- 

4     3i 

9th, 

33 

2     16 

- 

4     9i 

lOth, 

53 

0     25 

... 

5     5 

June  4,  1762,  being  his  Majesty's  birth-day,  (that  of  our  late 
and  much  lamented  Sovereign,)  who  then  entered  into  the  25tfayear 
of  his  age,  the  same  was  observed  with  the  usual  demonstrations  of 
joy.  In  the  morning  of  that  day,  the  famous  new  bells  at  Bow 
Church,  the  finest  in  England,  w^^e  rung  for  the  first  time. 

It  may  be  added,  to  what  has  been  said  of  the  weight  of  the  great 
bell  in  the  Cathedral  of  St  Paul's,  London,  diat  the  clapper  of  it 
is  180  lbs;  the  diameter  ten  feet,  and  is  the  bell  on  which  the 
clock  strikes  the  hours;  the  quarters  are  struck  on  two  lesser  bells 
underneath.  The  length  of  the  pendulum  14  feet,  the  weight  of  the 
ball  112  lbs.     The  length  of  the  minute  hand  is  eight  feet,  its  weight 
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» 

91  lbs.;  die  lengAofdie  hoar  knd  five  feet  five  inelieB,itewei|^  44 
ke.    Thekngdiof  fiiebcmrfigurae,twofeeltwoandalMdfiiic^ 
drcumferonce  of  the  dfial  fiffyHMvea  ftet,  yMek  m  fiiUj  eigbteeo  fee 
iD  dnmeter. 

The  great  beU  in  8t  Gfles'  Oaliiedfttl,  Edkibiirgh,  was  cast  by 
Messrs.  Pack  and  ChcqHnen,  Whitechapelt  wei|^  26  cwt  and  was 
]mt  up  about  the  year  1776.  fhe  bell  in  Heiiof s  HosfuUd,  and  the 
one  in  8t  Cuthbetf  s  dnndit  are  moch  about  the  same  weig)it  and 
nse,  each  wei^^ung  8  cwt  2  quarters*  and  two  feet  eight  inches  in 
dHonetor. 

In  St  Andrew's  churchy  there  is  a  ling  of  eig^  bells  ;  the  laigest  is 
about  16  cwt,  thesnaDest  6  cwt,  cast  by  the  Whitechapel  peSl  foimdeis. 
There  was  no  litfie  ingeuaity  displayed  in  *»My«g  them,  so  as  they  could 
be  nmg  without  intetfeiing  with  one  another,  conwdering  the  smaUmess  of 
the  space  in  which  they  arehuQg. 

Of  hte,  (1684,)  weara  ioforased,  tlmtabeU  of  18^08  lbs.  weight 
was  found  in  one  of  die  vaUies  of  the  Jura  mountains  in  Switaerland ; 
but  how  it  came  there,  aeems  to  be  unknown. 


The  Gong. 

We  believe  some  attempts  have  been  made  in  Europe  to  make  such 
a  sounding  instrument  as  the  Chinese  gong,  but  without  success ;  it 
being  a  s<ttt  of  bell  metal  not  so  hard  as  clock  bells,  but  perhaps  some- 
what near  to  the  hardness  which  church  bells  have,  and,  being  cast 
into  the  shape  in  which  they  come  to  us,  the  great  secret  in  giving 
them  that  strong  degree  of  tone  may  lay  ia  the  hammering  them  (after 
being  cast,)  a  Ktde  here  and  there.  But  this  cannot  be  done  with 
safety,  unless  both  anvil  and  hammer,  and  gong  likewise,  are  ham- 
mered, when  under  a  very  considerable  degree  of  heat,  nearly  to  that 
under  which  they  would  be  seen,  when  in  a  very  dark  place,  having 
the  color  of  a  dark  red.  And  such  a  process  as  this  must  be  attended 
with  much  difficulty  and  labor,  so  much  so,  as  to  have  deterred  our 
artists  (even  if  they  thought  of  such  a  thing,)  from  trying  it  A 
Chinese  gong  would  break  into  pieces,  by  applying  the  hammer  to  it 
when  in  a  cold  state.  Experiments  have  been  made,  where  the  hu- 
man body  has  stood  the  temperature  of  240^  for  some  minutes,  in  an 
apartment  heated  on  puipose  ;  this  may  show  how  far  it  is  practicable 
to  hammer  a  gong  in  a  very  warm  place. 

The  gong  which  Mr.  Ludlam  had  in  his  possession,  may  have 
been  raised  up  by  the  hammer,  (as  he  thinks,  and  he  was  pretty  well 
ijualified  to  judge  of  this)  from  a  flat  sheet  of  metal.  Any  of  them, 
however,  that  we  have  had  an  opportunity  of  seeing,  were  flat  at 
bottom,  without    any   raised  up  part,  and   had  all  the  appearance  of 
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hating  evideody  been  castt  by  the  sanflUmarics  that  were  seen  upon  IbmOi 
notwithstanding  the  application  of  the  haninier«  ae  the  impressions  made 
by  it  were  seen,  here  and  there,  done  eeemingly  to  stifien  the  gong* 
and  give  it  tone.  In  Chinut  gongs  are  consecrated  to  rehgious  pinposea» 
and  strictly  prohibited  from  being  taken  out  of  the  country ;  so  those 
which  come  here,  must  either  be  smuggled  away,  or  dandestinely  o1^ 
tained.  Farther  on  this  subject,  see  Appkhbix  (A.)  Xwdiasi's 
LeUen* 


CHAPTER  XXIII. 


Om  Clock  Chimes  and  BtU  Mtmci  nutde  of  priekk^  Anrcb,  eoi^ 

HrucHan  of  Organ  Clockaj  4*c. 

Chime,  in  its  general  meaning,  is  applied  to  the  sounding  of  bells, 
such  as  change-ringing  by  church  bdls,  or  the  striking  quaitcfrs  of 
the  hour  by  a  clock  on  two  or  more  bells,  or  to  tunes  played  by  a 
clock  on  a  seiies  of  nine,  twelve,  or  sixteen  bells,  tuned  to  their  r^ 
spective  notes  on  the  scale.  Clocks  that  play  tones  on  bells  are 
called  musical  clocks ;  when  quarters  are  chimed  or  struck  by  the 
clock  Itself,  for  example,  on  six,  or  on  eight  bells  in  octave,  it  is  call- 
ed a  quarter  clock,  and  sometimes  a  chime  clock  ;  and  when  the 
quarters  are  struck  by  a  string  being  pulled,  it  is  called  a  pull  quar- 
ter or  a  repeating  clock,  whether  the  quarters  are  struck  on  six  or 
eight  bells,  or  whether  they  are  given  by  a  double  blow  on  the  hour- 
bell,  as  in  the  repeating  watch.  A  time-piece,  or  going  part,  and 
having  no  hour  striking  part,  but  havmg  a  repeating  part,  is  by  some 
called  a  silent  pull. 

Various  ways  may  be  adopted  for  pricking  tunes  on  the  music  bar- 
rels of  clocks.  The  earlier  mode  of  doing  this  was  by  taking  a  piece 
of  writing  paper  of  such  a  size  as  to  cover  exactly  the  surface  of  the 
barrel,  and  in  a  direction  perpendicular  to  the  axis  of  the  barrel,  to 
draw  as  many  lines  parallel  to  one  another  as  there  were  notes  in  the 
tune  to  be  laid  down  on  the  barrel,  the  lines  being  equidistant,  and 
corresponding  perfectly  with  the  hammer  tails  as  they  stood  in  the 
hammer  frame.  They  were  marked  at  each  end  with  the  letters  or 
notes  they  were  to  represent  in  the  gamut  or  scale  of  music ;  and, 
according  to  the  number  of  bars  in  the  tune,  as  many  spaces  were 
made  by  lines  drawn  equidistant  and  parallel  to  each  other,  intersect* 
ing  the  others  at  right  angles.  The  junction  of  the  ends  of  the 
paper,  when  applied  round  the  barrel,  represented  one  of  these  bar 
lines.  The  length  or  breadth  of  the  spaces  (which  might  be  either 
squares  or  parallelograms)  contained  between  the  bar  and  note  lines, 
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•fiin  dmded  en  the  nole  lineB  intoaslkiuiy  parts  or  spaces  m  the 
WHiber  of  crolcheto  in  a  bar*  and  for  notes  of  lesser  value  a  less  space 
was  taken.  While  the  pi^ier  was  lying  on  a  table,  the  notes  in  the  tune 
proposed  to  be  laid  on  the  banel  were  marked  by  a  black  ink  dot  on  their 
respective  lines,  and  in  the  same  order  as  the  bars  of  the  music  lay.  AP 
tar  this  was  done,  the  paper  was  pssted  on  the  barrel :  the  note  lines  now 
appeared  like  so  many  cirdes  traced  round  the  circumference  of  the  ba^ 
relf  while  the  bar  lines  lay  longitudinBlly  on  the  surftce  of  it  By  Ais 
means  die  bbek  ink  dots  were  transfeired  and  marked  on  the  bairel  by  a 
pmoh  or  finger  diilL  This  mode  mi|^  answer  veiy  well  where  laige 
bamis  were  used,  and  only  one  tune  laid  on ;  but  in  smaller  work,  and 
when  several  tunes  were  to  be  put  on  the  same  barrel,  it  is  neither  suflt 
cieiidy  neat  nor  accurate* 

We  are  not  acquainted  with  the  method  adopted  by  those  work- 
men  in  LondoOt  who  practise  the  pricking  of  music  on  clock  barrels ; 
bulhavii^  had  occasion  to  construct  some  musics^ clocks  above  thirty 
years  ago,  and  having  no  opportunity  of  getting  the  musw  prick- 
«d  on  the  baneb  by  any  professional  person,  it  became  necessary  to 
eootrive  some  method  for  tius  puipose.  One  way  consisted  in  ap- 
plying the  barrel  concentric  with  the  ait>or  of  a  adieel-eutting  enginoy 
whose  dividing  part  consisted  of  an  endless  screw  and  wheel;  and 
having  fixed  other  apparatus  on  the  engine  for  this  purpose,  difi*erent 
numbers  of  turns  of  the  endless  screw  were  taken  for  the  longer  or 
shorter  notes,  and  die  tunes  were  as  accurately  put  on  die  barrel  as 
could  be  wished.  Another  way  consisted  in  placing  the  barrel  and 
its  train  of  wheel  work  and  regulating  fly  in  the  frame.  A  force  was 
applied  to  turn  the  barrel,  wheel  work,  and  fly  round  m  the  order  of 
Mfiing  the  music  hammer  tails,  and  an  apparatus  was  used  to  mark 
tte  dots  on  the  baneL  The  fly  made  360  revolutions  for  one  turn 
of  die  barrel ;  or*  should  this  be  thought  too  quick  a  train,  it  rai^ 
be  made  by  altering  the  numbers  of  the  wheel  teeth  to  make  250  or 
MO  revolutions  for  one  turn  of  the  barrel ;  the  train  or  revolutions 
of  the  fly  being  fixed,  were  made  use  of  in  the  same  way  as  the  end- 
less screw  in  the  former  way,  by  taking  a  greater  or  a  smaller  number 
of  turns  of  the  fly  for  the  longer  or  the  shorter  notes.  Knowing  the 
number  of  bars  in  the  tune,  and  the  crotchets  in  a  bar,  by  calcula- 
tion,  the  number  of  turns  of  the  fly  was  obtained  (and  parts  of  a  turn 
if  necessary)  that  a  crotchet  required,  so  that  the  tune  might  go 
round  the  barrd,  leaving  a  small  space  for  locking  and  running;  this 
was  all  diat  was  required  to  be  known:  quavers  and  semiquavers 
came  to  have  their  proportion  acoordiiig  to  the  value  of  the  crotchet 
Ahhoiigh  the  process  of  pottiog  tunes  on  faairels  answered  very  well 
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by  both  these  mediods,  yef  it  was  rather  tedioas,  and  attended  with  sottie 
trouble  and  embarrassment  in  the  operation ;  and  a  more  simple  aad 
easier  method  of  doing  this  was  afterwards  contrived  and  adopted,  bjr 
which  we  could  lay  on  a  tune  with  the  greatest  accuracy  and  expe^OR 
in  nearly  ten  minutes. 

Although  bell  music  is  not  of  a  favorite  kindf  yet  for  tiie  benefit 
of  such  clockmakers  as  may  be  disposed  to  construct  music  clocks, 
and  have  not  the  opportunity  of  getting  the  music  pricked  on  the  bar- 
rel by  those  whose  profession  it  is  to  do  this  sort  of  woris^  we  shldl 
give  a  description  of  the  tool  and  its  apparatus,  which  will  be  found 
very  well  adapted  for  this  purpose,  and  also  of  the  manner  of  using 
it 

Having  a  good  strong  turn-bench,  such  as  ttose  Used  by  clock* 
makers  for  their  larger  sort  of  work,  to  the  standards  or  heads  of  it 
let  there  be  attached  supports  on  each  mde;  to  the  supports  on  the 
side  nearest  the  workman,  let  there  be  fixed  a  straight  cjiindrteal  rod 
AB,  Pkte  XYIL  79,  about  ten  or  twelve  mches  long,  andindiame* 
ter  a  quarter  of  an  inch,  or  even  three-tenths  of  an  inch.  A  spring 
socket  CD  must  be  made  for  this  rod  to  slide  easily  and  steadily  dkmg 
it,  somewhat  like  the  socket  which  slides  on  the  upright  stalk  or  rod 
of  a  watchmaker's  glass  stand.  In  the  thick  and  strong  part  of  Aia 
socket  £  is  fixed  a  sted  arm  £F6,  bent  into  a  curve,  which  lies  over 
and  above  the  music  barrel  when  in  the  turn  bench,  as  shown  in  80, 
at  EFG.  The  steel  rod  AB  may  at  pleasure  be  placed  at  any  distance 
firom  the  barrel,  about  an  inch  or  rather  more,  and  should  stand  paral* 
lei  to  the  barrel  arbor  MN,  and  nearly  in  the  same  plane  with  it,  but 
rather  a  httle  above  this  than  otherwise.  On  the  outer  end  of  the 
curved  arm  is  fixed  a  flat  piece  of  steel  6,  a  little  more  than  half  aa 
inch  long,  in  breadth  not  quite  so  much,  and  about  one-tenth  of  oi 
inch  thick.  The  lower  and  front  edges  of  this  flat  piece  of  steel 
should  be  neatly  and  smootUy  rounded  ofiT,  so  as  to  allow  it  to  com^ 
easily  and  freely  into  the  notches  a,  6,  c,  &c.  which  are  on  the  edge 
ofa  thin  brass  scale,  whose  use  will  come  afterwards  to  be  explained* 
To  the  supports  attached  to  the  turn-bench  heads,  and  on  the  oppo* 
site  side  to  that  where  the  round  steel  rod  is  placed,  let  there  be  fix* 
ed  a  slip  of  brass  XY,  about  ten  or  twelve  Inches  long,  an  inch  and 
a  half  broad,  and  nearly  a  tenth  of  an  inch  thick,  the  inner  edge  of 
which  must  be  made  to  stand  parallel  with  the  barrel,  and  the  flflt 
side  to  stand  nearly  in  a  plane  between  the  upper  surfiuse  of  ^e  bar* 
rel  and  its  centre,  the  edge  being  placed  so  as  to  stand  clear  of  the 
tops  of  the  teeth  of  a  high  numbered  viheel  WW  screwed  on  to  the 
end  of  the  barrel.    Near  the  ends  of  this  slip  of  brass,  slits  ar»R«Hle, 
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thnmgh  whkk  aeremttiipaM,  which  screw  k  to  the  i^fiper  ode  of  the 
OTpports;  the  elitefleraogtoeUowitto  bemoTed  alitde  oceamonally 
kngthwue  when  required.  On  the  upper  side  of  the  dip  of  braw  i» 
fixed  aaolheri  but  jiol  <|uite  eo  thick*  the  length  being  about  that  of 
the  barrelv  and  breadth  one  inch  and  three  quarters.  On  the  inner 
edge  of  ttia  are  made  aa  many  notches  a,  6,  c,  Itc.  as  there  are  ham* 
■MTSi  bdky  or  notes  lo  be  used  in  the  tune  or  tunes  to  bemaikedon 
the  bmreL  These  notches  are  equidistant,  and  the  middle  of  them 
dMNdd  coireapondto  the  middle  or  Une  of  the  hammer  tails;  tiieir 
width  beti^  such  as  to  admit  the  flat  steel  piece  G  on  the  end  of  the 
curved  aim  £F6 ;  the  depth  of  them  cut  on  the  edge  of  the  l»as8 
shenld  he  about  one  quarter  <^  an  inch.  The  edge  of  this  piece  of 
biaaBi  or  music  scale  as  it  maj  be  called,  must  also  stand  parallel  with 
the  banel,  and  at  a  litde  distance  from  it,  not  nearer  than  three-tentha 
of  an  inch*  so  thai  the  flat  steel  piece  on  the  end  <^  the  curved  aim  may 
have  room  to  get  in  a  little  way*  and  to  pass  through  at  the  same  time 
to  a  oertan  degree  of  depth.  On  the  upper  side  of  this  brass  slip,  the 
letters  of  thescale  of  music  orgamut  ure  marked  to  those  notches  wUcb 
eeirespond  with  die  hammer  tafls,  and  hammers  intended  to  strike  on  the 
bells  the  notes  so  marked ;  but  in  an  inverted  order  to  the  usual  way 
in  wUch  they  are  marked  in  the  scales  of  music,  the4ower  notes  being 
on  Ike  ri^t  hand  side,  and  aa  they  rise  going  to  the  left.  This  is 
dooeto  sot  tewnyin  which  the  beUs  are  commonly,  though  notne* 
eeasarily,  placed  in  music  clocks,  see  81 ;  it  is  io  the  power  of  a  dock- 
Bwker,  of  any  ingenuity,  to  contrive  the  barrel  to  turn  any  way  he 
tfnnks  proper,  and  phiee  the  bdls  to  stand  in  the  order  of  the  music 
scale,  if  there  is  any  advantage  to  be  derived  from  it  In  the  curved 
arm  £  F  6,  SO,  is  flzed  a  punch  /,  having  a  very  fine  and  diaip  coni* 
cal  point,  ai  Ae  distance  of  four  inches  or  so  from  the  centre  of  the 
dkling  socket,  and  not  quite  an  inch  firom  the  outer  ead  of  the  flat 
steel  piece ;  the  pimch,  when  applied  to  the  barrel,  dbould  stand  up- 
right, and  directly  over  the  centre  <^  it  This  apparatus  being  aD 
adfusted,  as  we  have  directed,  it  is  evident  that  iK^en  the  curved  arm 
is  rasEied  up  a  little  waj,  the  socket  can  then  be  made  to  slide  easily 
aloBg  the  steel  rod,  andby  this  means  bring  the  outer  end  of  the  flat 
steel  piece  veiy  readily  into  any  notch  required,  and  the  pcHnt  of  the 
pundi  is  brought  at  the  same  time  widi  the  greatest  precision  to  die 
place  of  the  note  on  die  barrel,  leaving  the  flat  steel  piece  for  the 
time  in  the  notch.  The  point  of  the  punch  touching  or  resting  on 
th^  barrel,  a  stroke  ficom  a  very  small  hammer  on  the  top  of  it  will 
cause  the  point  to  make  a  pretty  deep  mark  or  conical  hole  on  die 
sur&ce  ^  the  faaneL 
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It  now  rennins  to  be  shown  how  the  time  <Nr  the  kngdis  of  the 
diflbrent  notes  are  determined.  Long  or  slowy  short  or  quick  notes, 
such  as  the  minum  and  denu-semi-quaveri  are  not  well  suited  to  bellf* 
musicv  and,  of  course,  are  seldom  introduced  into  tunes  chosen  for  it ; 
the  crotchety  quaver,  and  semiquaver,  forming  the  greatest  part  of  the 
composition:  the  minum  and  demi-Bemi-quaver  may,  however,  be 
brought  in  at  some  parts*  It  may  be  unnecessaiy  to  stale,  what  is 
pretty  generally  known,  the  proportional  value  of  the  notes  to  one 
another ;  suffice  it  to  say,  that  a  minum  is  equal  to  two  crotchets,  a 
crotchet  to  two  quavers,  a  quaver  to  two  semi-quavers,  and  a  semi* 
quaver  to  two  demi-serai-quaverB.  The  time  in  which  IhB  barrel 
turns,  after  striking  or  lifting  a  hammer-tail,  to  strike  any  note  on  a 
beU,  must  be  in  the  same  proportion  with  die  notes,  according  to  tfasir 
respective  character.  Let  a  wheel  of  260  teedi,  for  example,  be  fixed 
on  the  end  of  the  barrel,  and  let  both  be  placed  in  the  tum4ieBch, 
with  the  apparatus  which  has  been  described*  To  the  tum4wnchia 
now  attached  a  steel  or  brass  spring,  having  a  knee  or  bending  at  one  endt 
so  that  it  may  fall  into  the  spaces  of  the  wheel  teeth. 

The  tune  proposed  to  be  laid  on  the  banel,  contains  SO  ban  of 
three  crotchets  each,  being  60  crotchets  in  all :  if  260,  the  number  of 
the  wheel  teeth,-is  divided  by  60,  the  number  of  the  crotch^  we 
shall  have  four  for  the  quotient,  and  ten  for  the  remainder;  showing 
that  we  may  take  four  teeth  spaces  for  eveiy  crotchet,  ten,  the  remain- 
ing part  of  it,  serving  as  a  run  for  locking,  and  the  odier  part  for  a 
run  at  unlocking  for  a  tune  to  be  phiyed.  Now,  as  a  crotchet  is 
equal  to  four  spaces,  a  quaver  must  be  equal  to  two,  and  a  semi- 
quaver equal  to  one.  Suppose  the  first  note,  in  the  tune  proposed*  is 
F.  79;  the  curved  arm  is  brought  to  die  left  hand,  and  the  flat 
steel  piece  put  into  that  notch;  the  punch  is  then  made  tQ  mark 
the  barrel ;  and  this  being  a  semi-quaver,  or  the  fourth  part  of 
a  crotchet,  the  spring  index  is  shifted  into  the  next  space  of 
the  wheel  teeth,  and  the  curved  arm  moved  to  die  next  note, 
which  is  G,  on  the  left  hand,  and  the  flat  steel  piece  being  pot 
into  the  notch  corresponding  to  6,  the  punch  is  made  to  marie  it  on 
the  barrel.  This  being  a  semi-quaver  also,  the  spring  is  shifted  into 
the  next  space,  and  the  curved  arm  moved  to  note  A  on  the  left;  the 
steel  piece  is  put  into  the  corresponding  notoh,  and  the  punch  marks 
this  on  the  barrel.  A  is  here  equal  to  a  quaver  and  a  half;  ther»* 
fore  the  spring  index  must  be  moved  over  three,  or  into  the  third 
space,  and  the  curved  arm  moved  to  the  next  note,  being  B,  on  the 
left  hand;  the  steel  piece  being  put  into  this  notch,  the  note  is  mark* 
ed  on  the  barrel ;  and  as  it  is  a  semi-quavW)  one  space  is  taken  for 
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it,  and  the  ann  moved  to  6.     This  beiog  marked,  and  as  it  is  a  qua- 
ver,  two  spaces  are  taken,  and  so  on.     When  crotchets  are  marked, 
four  spaces  are  taken  after  marking  them.      In  the  tune  whkh    we 
have  used,  nine  bells  or  notes  are  all  that  are  required;    and  three 
more,  or  a  dozen,  would  give  such  a  compass  as  to  take  in  almost  any 
time  that  might  be  required.     In  place  of  the  spring  index,  it  would 
be*"  better  to  have  a  single 'threaded  endless  screw  to  work  into  the 
wheel  teeth,  one  turn  of  which  would  be  equal  to  a  tooth  or  space. 
The  arbor  of  the  screw  being  squared  on  one  end,  and  a  small  handle 
lor  turning  it  being  put  on,  there  would   be  less  danger  of  making 
mistakes  with  the  screw  than  with  the  .index.     On    the  arbor  of  the 
screw  there  might  also  be  put  a  hand  or  index  to  point  to  a  circular 
space  or  dial    of  eight  or  ten    divisions.     This  would  give  room  to 
make  parts  of  a  turn,  where  great  nicety  is  wanted.     After  one  tune 
is  laid  on  the  barrel,  either  it  or  the  music  scale  must    be  shifted  a 
short  space  when  the  next  one  is  to  be  put  on.     To  shift  the  music 
scale  is  perhaps  die  preferable  way  of  the  two;   and  the  spaces  for 
shifting  should  be  marked  on  the  top  of  one  of  the  supports,  and  close 
by  one    end  of  the  long  slip  of  brass ;  or  they  might  be  marked  on 
a  short  line  drawn  longitudinally  on  the  surface  of  the  barrel  at  or  to- 
wards one  of  the  ends  of  it ;  or  by  taking  both  methods,  the  one  would 
serve  as  a  check  on  the  other.     The  length  of  shifting  depends  on 
the  distance  between  the  hammer  tails,  and  the  number  of  tunes  to  be 
put  upon  the  barrel.     For  example,  if  the  distance  between  the  ham- 
mer tails  is  four-tenths  of  an  inch,,  and  it  is   proposed  to  put  eight 
tunes  on  the  barrel,  then  if  we  divide  four-tenths  by  eight,  we  shall 
have  half  a  tenth  for  the  length,  or  space  to  shift  for  each  tune ;  and 
this  is  taking  advantage  of  the  whole  space  between  the  hammer  tails, 
a  circumstance  which  is  frequently  overlooked ;  for  where  the  shifts 
have  been  confined  to  a  less  space  for  shifting  than  might  have  been 
got,  so  much  room  is  lost.     The  distance    between  the  hammer  tails 
depends  on  their  number,  and  on  the  length  of  the  barrel.     We  have 
made  the  distance  a  quarter  of  an  inch,  where   the  number  of  ham- 
mers was  eleven,  and  the  l^igth  of  barrel  about  three  inches  and  a 
quarter,  the  numb^  of  tunes  put  on  the  barrel  seven,  the  spaces  for 
shifting   were  three  hundred    parts  of  an  inch    or  thereabouts,    and 
where  the  clock  of  itself  shifted  the  tune.     W^hen  the  hammer  tails 
are  thin,  a  number  of  tunes  could  be  made  to   have  their  shifts  in  a 
very  short   distance  between  the    tails;  the    diameter  of  the   lifting 
pins  must  alfo  be  taken  into  account,  being    of  some  consideration 
where    the  spaces  for  shifting  are  extremely  limited.      Although  we 

have  taken  the  number  of  the  wheel  teeth  for  dividing  the  notes  at 
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260,  yet  either  a  greater   or  a  less  number  may  be    assumed  ;  all  thfit 
is    required,  is,  to  proportion    the    number   of  turns  of  the    endless 
screw,  and  parts  of  a  turn,  to  the  number  of  bars  in  the  tune,  to  the 
notes  in  each  bar,  and  to  have  the  tunes  to  go  nearly  round  the  bar- 
rel, so  that  a  small  part  of  a  revolution  of  it,  after  the  tune  is  played 
over,  may  be  led  for  what  is  called  locking  and  running.     If  the  di- 
viding wheel  was    taken  at  128  teeth,  and  the  tune  being  supposed 
to  have  20  bars,  each    bar  having  three  crotchets,  as  in    the  former 
example,  128  teeth  divided  by  60,  the  number  of  crotchets,  the  quo- 
tient would  be  two,  and  the  remainder  would  be  eight ;  so  that  each 
crotchet  would  require  two  teeth    or  turns  of  the  endless  screw,  a 
quaver  one    turn,  and    a  semiquaver  half  a  turn,  and    the  remaining 
eight  teeth  would  serve   for    locking  and  miming.     When  the  tunes 
are  all  marked  on  the  barrel,  each  mark  must   be  drilled  to  obtain 
holes  for  the  lifling   pins  to  be  driven  into  them.      Great  care  should 
be  taken  to  have  a  stiff  and  excellent  drill,  so  as  to  run  no  risk  of 
breaking,  which  would  occasion  a  great  deal  of  trouble  ;  and  it  should 
be  of  such  a  temper,    and  well  and  judiciously    whetted  up,  so  that 
it  may  drill  all  the  holes  without    requiring   to  be   once  shaipened: 
the  object  here  is  to  have  all  the  holes  of  the  same  width,    so  that 
the  UfUng  pins  may  be  all  of  the  same  diameter.     The  holes  being 
drilled,  and  the  b^urel  polished,  a  number  of  pins  should  be  prepared 
into  lengths  of  half  an  inch  or  so  each,  and  a  very  little  tapered  at 
one  end.     The  stronger  and  harder  the  brass  wire  for  the  pins  is,  so 
much  the  better ;  some  of  the  best  kind    of  pins  used  in  the  female 
dress  are  very  fit  for    this  purpose.     In  placing  the  pins  in  the  holes, 
if  they  should  be  found  too  long  for  knocking  in  by  the  hammer,  they 
should  be  shortened  by  the  cutting  plyers  before   the  hammer  is  ap- 
pUed,  which  will  prevent  bending,  and  allow  the  pins  to  have  a  more 
secure  hold  of  the  barrel  rim.      Afler  aU  the  pins  are  put  in,  they 
must  now  be  shortened  to  an  equal  and  proper  length  or  height     For 
Ijhis  purpose,  prepare  a  hard  cylindrical  steel  collet,    having  a  hole  in 
its  centre  sufficiently  wide  to  allow  it  to  be  put  readily  on  the  pins ; 
the  lower  end  of  it  hollowed,  the  upper  end  rounded,  and    the  height 
of  the   collet  about  one-twentieth    of  an  inch  or  a  little  more ;    the 
height    depending  on  the  size  of  the  barrel  and  the  diameter  of  the 
pins.     The  collet  being  placed  on  a  pin,  the  cutting  plyers  are  appli- 
ed to  cut  the  pin  just  over  by  the  rounded  end  ;  a  small  touch  of  a 
file  takes  away  the  burr  made  by  cutting,  and  as  the  hardness  of  the 
collet  prevents  the  file  from  taking  any  more  away  from  the  height  of 
one   pin    than    from    another,  they  must  all  be  of  an   equal  height. 
This  operation  being  finished,  the  small  burrs  made  on  the  top  of  the 


MVflfC  BAMUCt,  BCLL9,  HAIIMBM,  dkc.  419 

pins  bjr  dbe  fie  nrast  be  taken  ofT;  thb  is  done  by  a  piece  of  eleel 
wife,  about  six  or  seven  inches  long.  The  end  where  it  is  twirled 
about  by  the  fore  finger  and  thumb,  should,  for  the  length  of  an  inch 
or  so,  be  made  into  an  octangular  form,  for  the  more  readily  turning 
it  round  backward  and  forward.  On  the  face  or  point  of  the  other 
end,  two  notches  are  made  across  each  other,  which  may  be  either 
angular  or  round  at  bottom ;  the  latter  may  be  the  better  of  the  two, 
if  rigfady  executed,  and  should  be  made  with  the  round  edge  of  a 
fiat  file,  whose  thickness  should  not  be  more  than  the  diameter  of  the 
pins.  The  point  where  the  notches  are  cut  should  be  hardened,  and 
the  inside  and  bottom  of  the  notches  polished,  so  that  a  sharpness 
may  be  given  to  take  away  the  burrs  easily  from  the  top  of  the  pins. 

The  shape  of  die  hammer  tail  is  such  as  is  represented  at  81, 
9L'  form  which  makes  the  hammer  easy  enough  to  be  dmwn,  and 
the  nib  of  the  tail  takes  litde  or  no  room  when  falling ;  and  should 
two  pins  or  notes  succeed  each  other  rapidly,  the  nib  or  point  of  the 
hammer  .tail  will  not  be  interrupted  by  the  succeeding  pin.  In  the 
first  musical  clocks,  aiid  even  in  those  made  long  afterwards,  the  b^ 
were  all  placed  on  one  strong  iron  bell  stud,  the  opposite  end  of 
which  was  supported  by  what  may  be  called  an  auxiliary  stud,  which 
occasioned  a  crampness  that  prevented  the  bells,  when  diey  were 
struck  by  the  hammers,  fifom  vibrating,  or  giving  out  that  full  tone 
which  they  might  otherwise  have  been  made  to  produce ;  and  the 
improvement  made  on  fius,  as  well  as  on  the  quarter  bell  studs  aflei^ 
wards,  was  effected  by  placing  each  bell  separately  on  its  own  bell 
stud,  which  was  made  of  well-hammered  brass,  having  some  degree 
of  elasticity.  The  sweetness  given  to  the  tone  of  the  bells  by  this 
method  was  truly  surprising.  The  bells  in  this  kind  of  music  may 
be  sounding  at  the  time  that  a  succeeding  note  is  struck  out  and 
sounding  too,  which  may  not  be  so  pleasant  to  a  very  nice  ear.  This 
can  be  prevented  by  having  a  double  set  of  hammers,  and  having 
every  tune  pinned  twice  over  on  the  barrel,  one  set  of  the  hammers 
having  the  heads  of  buff  leather,  or  having  a  brass  head  with  a  piece 
of  cloth  sewed  over  it  These,  when  they  strike  the.  bell,  will  damp 
the  sound  of  the  note  which  is  last  struck.  The  buff  hammer  should 
fall  on  the  bell  to  be  damped,  at  the  same  instant  that  the  brass  hamp 
mer  strikes  the  succeeding  note  on  its  beU.  This  improvement, 
however,  must  greatly  increase  the  expense  on  such  a  clock ;  but  the 
effect  of  buff  or  ck>th  hammers  is  so  striking,  that  the  additional  prke 
ought  not  to  be  grudged. 

In   Plate  XYII.  81,  A  A  is  a  circle    representing  an  end    view 
of  a  clock  music  barrel,   and  a  few  of  the  lifting  pins.    The  dart 
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ahow8  the  direction  in  which  it  tunis.  The  letters  a»  a,  o,  ii,  te* 
present  a  seetion  or  end  view  of  a  brass  piece  thus  shaped.  The. 
length  depends  on  that  of  the  barrel,  and  the  number  of  hanuners  to 
be  let  into  this  brass  piece,  which  is  called  the  hammer  firame,  the 
length  of  it  being  sometimes  three  or  four  inches,  sometimes  ten  or 
twelve.  The  flat  part  of  the  hammer  tails  fills  up  the  thick  part  of 
the  hammer  frame,  into  which  slits  are  made  to  receive  the  hammers* 
Near  to  the  outer  and  lower  angular  part  at  a  of  the  frame,  a  hole  h 
is  made  through  the  whole  length  of  it,  not  drilled,  but  ploug^d,  a» 
the  workmefh  call  t7,  and  this  is  done  before  any  shts  are  made  in  it 
for  the  hammers.  A  wire  is  put  through  this  hole,  and  through  cor- 
responding holes  in  the  flat  part  of  the  hammer  tails.  This  wire  is 
their  centre  of  motion,  and  the  boles  in  them  are  made  so  as  to  have 
fireedom  on  it,  and  the  flat  part  of  the  hammer  tails  is  also  made  to 
have  fireedom  in  the  slits  made  to  receive  them.  On  the  under  aide 
of  the  hammer  frame  at  6,  the  hammer  springs  c,  c«  are  screwed,  one . 
for  each  hammer,  acting  on  that  part  of  the  hammer  tail  just  where 
it  comes  out  of  the  thick  part  of  the  hammer  fiame.  When  the  pins 
in  the  banel  raise  up  any  hammer  by  the  nib,  and  canying  it  away 
fit>m  the  bell,  at  the  instant  the  pin  quits  the  nib,  the  spring  c*  Cf  by 
its  retuniing  force,  makes  the  hammer  head  give  a  blow  on  the  bell 
to  elicit  the  sound.  To  prevent  any  jarring  in  the  bell  by  the  ham« 
mer  head  resting  or  touching  it  after  having  given  the  blow9  each 
hammer  has  a  counter-spring  acting  near  the  lower  end  of  the  shank, 
and  inside  of  it  All  the  counter-springs  are  made  to  project  from 
one  slip  of  well-hammered  brass,  and  screwed  on  the  top  of  three 
kneed  brass  cocks,  fixed  to  the  upper  side  of  the  brass  frame,  dd'm 
a  view  of  the  side  of  one  of  the  cocks ;  and  e  e  an  edge  view  of  one 
of  the  counter-springs.  //  is  a  side  view  of  one  one  of  the  bell  studs, 
which  are  also  screwed  on  the  upper  side  of  the  hammer  frame :  an 
edge  view  is  seen  at  //,  81.  g,  g,  g,  g,  are  edge  views  of  the  bells, 
g,  g,  82,  is  a  side  view  of  one  of  them  as  fixed  to  its  stud.  In 
some  musical  clocks,  in  place  of  the  barrel  being  made  to  shifl  for 
change  of  tune,  the  hammer  Irame  is  made  to  shiA,  canying  with  it 
all  the  hammers  and  bells.  The  change  or  shifts  of  the  banel  is 
either  done  by  the  hand  or  by  the  clock  itself.  The  mechanism  for 
this  commonly  consists  of  a  wheel  fixed  on  a  steel  arbor,  oh  the  square 
of  which  a  hand  is  put,  which  points  to  the  name  or  number  of  the 
tune  marked  on  a  small  dial,  at  which  the  barrel  for  the  moment 
stands.  The  diameter  of  this  wheel  is  about  one  inch  and  a  half, 
and  sometimes  more  or  less.  The  rim  is  a  strong  and  thick  hoop  or 
contrate  form*  having  as  many  steps  on  it  as  there  are  tunes  set  on 
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dw  bamlt  the  hei^  of  the  etepa  beiDg  equal  to  the  space  fiom  one 
tune  to  another.  On  tiiese  steps  rests  the  kneed  end  of  a  double  le* 
^r  about  four  inches  long,  whose  centre  of  motion  is  in  the  middle, 
and  is  either  upon  strong  pivots  run  into  a  kind  of  frame,  or  upon  a 
alout  pin,  which  goes  through  the  lever  and  the  brass  stud  in  which 
the  lever  moves.  The  other  end  of  the  lever  bears  on  the  end  of 
one  of  the  [Hvots  of  the  music  barrel,  which  is  pressed  against  it  by 
means  of  a  pretty  smart  steel  spring,  acting  against  the  end  of  the 
opposite  pivot  Concentric  with  the  hoop-wheel,  and  fixed  on  the 
same  arbor,  is  a  star-wheel  of  a  number  according  with  the  steps  on 
the  hoop-wheel,  a  jumper  with  a  pretty  strong  spring,  works  into  the 
star-wheel,  by  which  means  the  barrel  is  kept  always  to  its  place,  by 
Hbe  lever  bearing  at  one  place  on  eveiy  step*  Although  the  Figures 
which  have  been  given  to  refHresent  the  hammer  frame,  hammers, 
qirings,  and  counter-springs,  bell  studs,  and  bells  of  music  striking, 
aie  not  exactly  like  those  which  are  commonly  made  to  strike  quar- 
teisin  ck>cks,  yet  they  are  equa^  well  calculated  for  the  puipose; 
only  the  nibs  of  the  hammer  tails  need  not  be  so  far  from  their  centre 
<^  motion,  being  less  confined  by  the  pins  in  the  quarter  barrel, 
which  are  fewer  in  number  than  those  on  a  music  barreL  A  quarter 
barrel  need  not  be  much  in  diameter,  if  hve  quarters  are  only  to  be 
pot  on  it  If  ten  is  intended  to  be  put  on,  then  the  diameter  shouM  be 
doable  that  of  the  other. 

After  having  described  the  method  of  laying  down  the  tunes  on  a 
nMwic  clock  barrel,  it  may  be  diou^t  unnecessary  to  explain  the  me- 
thod of  putting  on  the  quarters  of  a  clock  quarter  or  chime  barreL  But, 
simple  as  it  is,  we  conceive  it  will  be  both  interesting  to  the  general 
reader,  and  acceptable  to  workmen  who  may  not  be  in  the  habit  of  con- 
triving for  themselves,  or  who  may  not  have  had  an  opportunity  of  seeing 
it  executed  by  others. 

Quarters  are  commonly  struck  on  a  set  of  eight  bells,  firom  6  to 
6  in  octave,  or  they  may  be  numbered  1,  2,  3,  &c.  on  to  8.  The 
qfsaiter  barrel  may  have  eight  circles  fiuntly  turned  on  it,  so  as  to 
Govraspond  to  the  quarter  hammer  tails.  Five,  and  sometimes  ten 
qoarteis,  are  put  on  the  barrel;  we  shall,  however,  in  this  instance, 
oiyiy  lay  &ife  on  the  barreL  Take  a  wheel  cut  into  60  teeth  not 
rounded  ofi^  and  screwed  temporarily  on  the  end  of  the  barrel ;  pro- 
vide an  index,  and  a  piece  of  brass  bent  so  as  to  apply  to  the  barrel 
when  in  the  turn  bench,  in  the  manner  of  a  straight  edge,  and  the 
index  spring  ti^t  in  the  teeth ;  take  a  point,  and  make  a  slight  trace 
aiOTDBsthe  circle,  which  corresponds  to  high  6  or  No.  1,  then  move 
the  index  a  tooth,  in  the  direction  the*  quarter  barrel  turns  when  moved 


483 


CHIMCf  VOR  CLOCK  ^UARTBRt. 


bj  the  wheel  work;  make  a  trace  acroes  the  eiiele  intended  ferAe 
itecond  hammer,  and  so  on.  When  the  eighth  circle  has  been  marked, 
move  the  index  two  teeth  or  three  spaces,  and  trace  here  for  the  first 
hammer  of  tiie  succeeding  quarter,  and  so  on  till  the  whole  is  completed ; 
the  barrel  may  then  be  drilled  and  pinned  accordingly.  Should  the  in- 
tervals between  the  quarters  be  thought  too  litde  for  locking,  the  wheel 
in  place  of  60,  may  be  cut  55,  and  this  will  allow  three  teeth  in  place  of 
two  for  the  intervals,  the  hammers  will  be  then  a  little  quicker  in  their 
succession  to  one  another.  6,  A,  B,  C,  D,  £,  F,  6,  may  also  be* 
represented  by  the  figures,  1,  2,  3, 4,  5,  6,  7,  and  8.  No.  1  being  the 
high  G,  and  8  the  low  G.  The  changes  given  in  the  following  set  of' 
chimes  or  quarters,  will  exhibit  how  to  proceed  in  putting  them  on  the 
barrel,  after  what  has  been  already  said.  It  wfll  save  trouble  even  to  a 
good  reader  of  music,  but  much  more  so  to  those  who  cannot  read  it, 
to  have  the  straight  edge  piece  of  brass,  numbered  from  the  bells,  1,  2, 3^ 
4,  5,  &c.  so  as  to  correspond  with  the  faint  traces  on  the  quarter  barrel, 
or  with  the  hammer  tails ;  let  the  notes  of  the  chimes  have  their  number 
marked  as  in  the  example  given  here,  in  the  order  they  stand  in  die 
gamut ;  by  this  means  the  notes  can  very  quickly  be  transferred  to  the 
barrel. 


Ant  of  Chimes  far  Clock  Quarters ;  the  barrel 

in  the  hour* 
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m  '"*  m      ** 


15372649       17 

4th 


3  5   4   6   2   8 

51  h 


1    5   7   a  6   4  2  8. 
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13754268       1357     2468 


With  the  number  of  8  bells  and  hammers  for  the  quarters  of  a  chime ' 
or  quarter  clock,  a  great  variety  may  be  produced ;  and  where  it  may  be ' 
preferred  to  have  the  chime  or  quarter  barrel  to  make  one  revolution  for' 
the  ten  quarters  which  are  given  in  the  course  of  every  hour,  we  shall* 
^ve  a  specimen  of  a  set  of  chimes  which  may  be  put  on  such  a  barrel. 
The  wheel  put  on  foi^  this  must  have  100  teeth,  taking  the  same  stbps  as' 
with  the  wheel  of  50. 
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JkmHof  tMmB8  for  GCtfcH*  Quarter  Barrds^  which  make  one  revchtHon  in 

an  hour. 


^PPI 


Organ  Clocks. 

Thtt  miwic  wUch  is  produced  by  dockB  with  oi^gan  bwrds,  must 

he  greatly  pieferable  to  that  of  bells,  and  the  apparatus  for  maridiig 

the  tunes  on  clock  barrels  is  equally  suited  to  do  the  same  on  barrels 

intended  by  machinery  to  work  or  to  sound  the  pipes  of  an  organ ; 

the  diflbrenoe   consisting  in  marking  off  on  the  barrel  the  spaces  of 

the  loQgsr  and  shorter  notes,  asin  place  of  pins  they  have  staples  or 

bridges  of  various  lengths,  accoidmg  to  the  length  of  the  note,  or  the 

time  which  the  pipe  should  be  allowed  to  sound  it:   The  very  short 

notes  are  by  pins  of  different  thicknesses.      Vihen  an  organ  part  ia 

put  to  a  clock,  consideraUe  power  or  force  of  weight  or  spring  is  re- 

<|uiied.;   small  as  the  organ  may  be,  or  its  wind-chest,  some  force  is 

required  to  work  the  bellows,  ao  as  to  keep  the  wind-chest  full  and  no 

more.    To  work  the  beUows,  that  is,  to  move  the  lower  board  of  them 

up  and  down,  on  the  inside  of  which  is  an  air  vahre  that  opens  on  the 

board  being  moved  downwards,  and  on  the  motion  upwards  it  shuts, 

and  the  air  being  then  comf^essed,  it  is  forced  into  the  wind-chest 

by  a  communication  between  them  for  that  purpose,  and  is  ready  to 

give  sound  to  any  of  the  organ  pipes  the  moment,  when  any  of  their 

valves  should  open.     This   operation  with  the  bellows,  though  of  a 

difierent  shape,  is  just  the  same  as  with  the  common  bellows  iriieii 

blowing  up  a  fire*    The  bellows  is  worked  by  means  of  a  short  crank 

fixed  on  one  end  of  the  arbor  ef  an  endless  screw,  which  woiks  into 

a  trundle  of  a  lagh  numbefed  piinon,  vdiich  is  on  the  end  of  the  or* 

gjUk  baivd,  and  nearly  of  the  same  diameter  with  it      On  the  other 

end  of  the  endless  screw  ari>or  is  fixed  a  small  jagged  pulleys  over 
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which  ifl  put  an  endless  silken   cord,   which  being  continoed,   goes 
round  another  jagged  pulley  on  the  end  of  a  pinion  arbor  of  one  of 
the  quick  running  or  fly  wheels  in  the  organ   train.      These   wheels 
are  regulated  by  a  fly,  by  v.hich  the  velocity  of  the  organ  barrel  in  turning, 
is  brought  to  keep  the  time  required  for  the  music.     The  wheels,  on  being 
impelled  by  the  moving  power,  which  is  considerable,  (being  greater  than 
that  used  in  bell  music),  communicate  their  motion  by  means  of  the  endless 
cord,  and  turn  the  organ  barrel.     The  pins,  bridges,  or  staples,  on  the 
barrel  turning,  act  on  the  tails  of  levers  nearly  similar  in  form  to  the  ham- 
mer tails  of  the  bell  musical  clock,  only  they  are  a  tittle  longer,  and  equally 
movable  on  a  centre  or  wire.     The  other  arms  of  these  levers  are  in  an 
opposite  direction,  and  are  about  the  same  length  as  those  which  are  lifted 
by  the  staples  on  the  barrel  when  turning,  and  are  a  little  broad  and  flaitish 
towards  the  end,  where  the  under  side  (on  the  opposite  ends  rising)  press 
down  on  the  upper  ends  of  the  slender  rods,  whose  lower  ends  then,  by  this 
means  open  the  valvesof  the  organ  pipes,  and  the  sound  is  prolonged  accord* 
ing  as  the  lift  is  pins  or  bridges.    What  has  been  described  constitutes  the 
chief  machinery  in  an  organ  clock.    Many  ways  may  be  contrived  to  set  the 
organ  barrel  in  motion,  and  at  the  same  time  while  playing,  and  at  the  end  of 
a  tune,  to  make  tiie  clock  of  itself  shM  the  barrel  from  one  tune  to  another* 
By  experience,  when  making  up  an  organ  clock,  we  found  the  making 
of  the  bellows  to  be  rather  a  nice  piece  of  business ;  if  die  leather  is  on  the 
thick  side,  it  requires  a  great  force  to  work  them  and  turn  the  oigan  banel 
at  the  same  time ;  the  bellows  leather  should  be  of  the  thinnest  and  finest 
kid,  such  as  that  of  which  ladies'  gloves  are  made ;  by  this  means  the  force 
necessary  to  work  them  will  be  greatly  lessened,  though  still  considerable!, 
as  it  consisted  of  two  large  barrels,  three  inches  and  a  half  in  diametor,  and 
near  to  two  inches  broad,  each  containing  a  pretty  powerful  spring ;  the  two 
fusees,  on  one  arbor,  were  in  diameter  at  the  base,  near  to  two  inches  and 
a  half.     In  the  organ  train  of  wheels,  the  numbers  of  the  wheel  teeth  were 
80,  70,  60,  and  16,  the  pinions  16,  14, 12,  and  4  threads  to  the  endBess 
screw,  on  whose  upper  end  the  wings  of  a  fly  were  put,  the  fly  wheel  of  16 
worked  into  the  screw ;  the  wheels,  barrels,  and  fusees  were  contained  in 
a  double  frame,  composed  of  three  plates.     It  may  easily  be  conceived,  by 
having  so  great  a  force,  that  the  first  or  great  wheel  would  require  (o  be 
thick,  and  to  have  strong  teeth,  the  leaves  of  the  first  pinion  of-  course  to 
be  also  strong.      The  double  fiwne,  with  the  wheel  work  for  driving  the 
organ  barrel,  was  fixed  in  the  upper  part  of  the  clock-case ;  the  organ  bar- 
rel, bellows,  wind-chest,  &c.  were  placed  in  the  lower  part     The  cloek, 
a  spring  one,  struck  the  hour,  and  the  quarters  were  struck  by  a  double 
blow,  the  pendulum  16  inches  in  length,  the  whole  got  up  in  ah  elaborate 
manner,  yet  we  trust  not  injudiciously  so. 
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Musical  Springs, 
Wthin  these  few  yeara  a  new  species  of  music  by  steel  springs  has 
beea  invented  at  Geneva.     From  the  smaUness  of  the  machinery  which 
plays'  the  music,  it  is  very  surprising  and  curious,  as  it  has  been  put 
into  rings,  seals,  watches,  and  snuflT  boxes.     Two  ways  are  used  to  lift 
the  ends  of  the  springs  which  give  the  different  notes ;  one  is  by  a  very 
small  barrel,  the  other  by  a  plate  wheel.     The  last  being  more  adapted 
to  take  up  little  room,  is  chiefly  used  in  watches.     The  space  for  the 
spiiogs  failing,  afW  being  bent  up,  is  short     A  double  set  of  springs 
for  giving  the  same  notes  is  made,  without  which  the  beauty  of  the 
music  could  Hot  be  produced.     The  number  of  springs  varies,  for  die 
most  part,  from  sixteen  to  twenty-four,   or  upwards.    Those  springs 
which  are  lifted  by  the  barrel  pins  are  straight,  while  those  which  are 
lifted  by  the  pins  in  the  plate  wheel  have  a  sort  of  part  projecting  from 
the  end  at  one  side ;  and  this  side  edge  of  the  spring  lying  over  the  top 
of  the  pins  is  taken  away  so  as  to  clear  them.    The  projecting  part  at 
the  end  of  each  spring  coiresponds  with  its  own  lifting  pin.    As  the 
pins  are  on  both  sides  of  the  plate-^dieel,  this  allows  a  greater  variety 
of  notes  than  the  barrel  can  perhaps  admit     The  springs  on  the  upper 
and  under  sides  of  the  plate-wheel  are  sometimes  sixteen  or  seventeen 
on  each  side.    On  Hie  plate-wheel  are  traced  16  or  17  concentric  cir- 
cles, for  the  pins  to  meet  their  corresponding  notes  in  the  springs,  whose 
emdM  eome  each  to  their  corresponding  circle  both  above  and  under  the 
pla!t6-wheel.     An  apparatus  on  a  smaU  scale  being  made  like  that  which 
has  been  described,  will  serve  to  put  or  mark  the  places  for  the  notes 
both  on  the  barrel  and  the  plate-wheel ;   the  only  difference  is,  that 
the  barrel  will  require  to  be  marked  by  a  curved  arm  sliding  on  a 
steel  rod.     The  concentric  circles  on  the  plate-wheel,  must  have  short 
and  faint  traces  across  them:    This  is  regulated  by  a  thin  straight 
edge4aid  in  an  oblique  direction  across  the  circles,  and  the  intersec- 
tions are  afterwards  marked  by  a  point     The  springs  may  be  easily 
tuned*  to  their  respective  notes,  as  the  least  thinning   or  shortening 
-them  will  make  a  very  sensible  alteration  on  the  tone.     The  tongue 
of  a  sted  trump^  or   Jew's    harp^  shows^  in  some  degree^  what  may 
be  done  in  this  way  by  steel  springs.      The  train  which  regulates  this 
very  minute  musical  machinery,  as  may  very  easily  be  conceived,  must 
be  composed  of  a  few  very  small  wheels,  the  motive  force  being  piopor- 
tioniibly  smaU.    It  must  be  a  great  effort  of  patience  and  ingenuity  to 
make  them  play  two  or  more  tunes.     However  beautiful  and  ingenious 
the  machinery  of  these  smaD  contrivances  is,  they  can  only  be  con- 
sidered as  toys  for  amusiiig  children.    A  spiral  steel  spring  has  been 

lately  introduced  into  clocks,  in  place  of  bells. 
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7 
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U 
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2691 
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13 
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17 
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2273 
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19 

229 
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23 
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29 
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2293 
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31 
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1667 
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37 
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^ 

41 
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47 
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53 
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1103 

1429 

1709 

2029 

2361 

2667 



3348 

71 

293 

663 

629 

1109 

1433 

1721 

2039 

2357 

2689 

3001 

3347 

73 



669 

639 

1117 

1439 

1723 

2063 

2371 

2693 

soil 

3859 

79 

307 

671 

653 

1123 

1447 

1733 

2063 

2377 

2699 

3019 

3861 

83 

311 

677 

857 

1129 

1451 

1741 

2069 

2381 

3028 

8371 

S9 

313 

687 

859 

1151 

1463 

1747 

2061 

2383 

2707 

8378 

97 

317 

693 

863 

1153 

1469 

1763 

2063 

2389 

2711 

3041 

3889 



331 

599 

877 

1163 

1471 

1769 

2087 

2393 

2713 

3049 

3891 

101 

337 



881 

1171 

1481 

1777 

2089 

2399 

2719 

3061 

103 
107 

347 
349 

601 
607 

883 
8s7 

1161 

1167 

1483 

1487 

1783 
1787 

2729 
2731 

Im 

8407 



2411 

3418 

109 

363 

613 



1193 

1486 

1789 

2111 

2417 

2741 

3083 

3488 

113 
127 

369 
367 

617 
619 

907 
911 

2113 
2129 

2423 
2437 

2749 
2763 

3089 

8449 

1201 

1499 

1801 

8467 

131 
137 

373 
379 

631 
641 

919 
929 

1811 
1823 

2131 
2137 

244. 
2447 

2767 
2777 

3109 
3119 

3461 

1217 

1511 

3463 

139 

383 

643 

987 

1223 

1623 

1831 

2141 

2469 

2789 

3121 

3467 

149 

3S9 

647 

941 

1229 

1631 

1847 

2143 

2467 

2791 

3137 

3469 

lei 

397 

663 

947 

1231 

164? 

1861 

2153 

2473 

2797 

3168 

8491 

167 
163 
167 
173 

659 
661 
673 
677 

953 
967 

971 
977 

123T 
1249 
1269 

1277 

1649 
1663 
1669 
1667 

1867 
1871 

2161 

2477 

3167 

3409 

401 
409 

419 

2801 

2803 
2819 

3169 
3181 
3187 

2503 
2521 

3511 
3617 

1877 

2203 

179 

421 

683 

963 

1279 

1671 

1879 

S 
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2 
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Edinlmrgk,  4ih  Feb.  1788.— The  Mowing  are  copies  of  Letten 
given  me  by  my  good  fnend  Mr.  John  Holmes,  watchmakery  London, 
far  information  on  the  subject  of  Turret  Clocks,  and  were  sent  as 
mush  %o  him,  by  his  ingeniouB  fiiends,  Mr.  Johk  Smkaton,  .angi* 
neer,  and  the  Rev.  Wm.  Ludlam,  Ph>ie8sor  of  Mathemaliost 
Cambridge.  T.  r! 

From  Mr*  John  Smcaian  to  Mr.  John  Mohnet* 

JinsUiorpe^  bth  Jub/^  1T79. 
Dear  Brother  H. 

I  congratulate  you  on  your  contract  with  the  Board  at  Greenwich 
Hospital,  so  much  to  your  credit ;  and  doubt  not  but  that  you  wfll  give 
satisfaction,  only  wish  you  had  had  a  little  more  money,  for  though, 
I  think,  you  may  save  yourself,  yet  I  would  have  wished  you  to  have 
had  an  adequate  recompense  for  the  invention,  care,  and  attendance 
that  must  be  necessary  in  such  an  undertaking.  When  I  mentioned 
giving  my  opinion,  I  did  not  mean  to  give  /you  a  plan  ;  for  that  never 
being  put  to  me,  I  never  absolutely  fixed  upon ;  I  only  think  in  ge- 
neral, that  the  plan  commonly  used  by  Father  Hindley,  for  many 
years  past,  was  elegant  and  commodious,  in  giving  liberty  of  length 
for  the  barrels,  without  inelegantly  lengthening  the  pinion  arbors ;  but 
as,  especially  in  his  latter  days,  he  got  into  many  schemes,  that  appear 
to  me  to  be  much  more  cost  than  worship,  my  meaning  was  merely 
to  chalk  out  the  outlines,  in  order  to  weed  out  those  things,  that  create 
much  trouble  and  difficulty,  and  mean  little ;  and  to  mark  out  those 
things  on  which  a  good  performance,  so  as  to  give  satisfaction  to  the 
public  eye  and  ear,  depends ;  and  I  am  glad  to  see,  both  by  your 
proposal  and  what  you  farther  say  upon  it,  that  your  ideas  and  that 
of  the  town  artists,  are  very  correspondent  in  the  outset  with  my  own  \ 
and  as  you  are  pleased  to  say,  you  shall  not  stick  a  spoke  till  you 
have  heard  from  me,  I  shall  give  you  my  notions  in  the  rough,  as 
they  rim,  that  this  great  work  may  suffer  no  hinderance  by  me ;  and 
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perhaps  it  may  be  saving  of  time  to  Bay»  that  I  never  aaw  any  woik 
of  Hindley's  that,  upon  the  whole,  gave  my  mind  so  much  aatiafiM^ 
tion,  as  that  executed  for  Bishop  Thorpe.  l«%y  A  clock  wiA  mi- 
nute hands,  two  dials,  and  to  go  eight  days,  in  so  exposed  a  situationt 
should  not  only  be  made  stout  and  able,  but  so  contrived  as  to  go 
through  thick  and  thin ;  that  is,  aim  it  mther  to  keep  going  tolerably 
with  very  different  powers,  than  fi-amed  for  accurate  measure  of  time* 
when  a  pound  or  two  too  httle  shall  make  it  stop  entirely.  2(%,  On 
this  view  I  totally  reject  the  idea  of  going  with  two  wheels,  which 
distorts  every  proportion,  and  puts  every  thing  in  distress,  and  all 
this  to  save  a  very  trifle  of  friction,  which  Mr.  Harrison  vefy  justly 
observes,  that  in  clock-work  (even  intended  for  an  accurate  measure 
of  time)  means  nothing,  provided  it  is  always  equaL  The  propositioo 
here  seems  to  be,  not  to  make  the  clock  go  with  the  least  weight  pos- 
sible, but  to  make  it  bear  as  much  as  possible,  without  a  total  de- 
rangement of  the  time ;  for  this  reason,  ScUy*  I  would  not  wish  the 
pendulum  to  be  longer  than  to  beat  30  per  minute,  but  would  give 
it  an  heavy  ball  to  swing  out  well,  with  a  deep  'scapement,  and  to 
admit  the  angle  of  vibration  without  banking,  to  be  fully  double,  when 
the  clock  is  clean  with  all  its  movements  on,  and  in  calm  weather, 
to  what  will  let  it  'scape.  I  say  a  ball,  for,  in  this  case,  I  should  pre- 
fer a  sphere  to  a  lens,  that  it  might  take  the  more  air,  and  bear  the 
more  weight;  which  figure  is  also  subject  to  the  least  change  from 
accidental  currents  of  air.  Hindle/s  suspension  and  application  of 
the  crutch  I  think  exceeds  all  I  have  seen.  4th^  For  the  reasons 
above,  the  teeth  of  the  swing-wheel  should  be  deep,  and  that  the 
weight  and  pressure  may  not  produce  an  imreasonable  beat  in  the  pal- 
lets, I  would  advise  the  working  part  to  be  at  least  one  inch  in  thick- 
ness ;  and  that  the  activity  of  the  main  weight  may  not  be  curbed  by 
the  sluggishness  of  the  swing-wheel,  I  would  not  allow  it  above  30 
teeth ;  so  that  allowing  about  half  an  inch  to  a  tooth,  it  will  be  about 
five  inches  diameter.  As  to  the  'scapement,  I  would  neither  make  it 
dead,  nor  with  the  common  recoil  with  planes,  but  with  curved  pal- 
lets, so  that  the  extreme  of  the  recoil  should  be  dead,  and  this,  I 
think,  was  somewhat  near  what  fether  Plindley  ultimately  came  into. 
5^,  According  to  the  above,  the  swing-wheel  will  go  round  once  in 
two  minutes ;  and  if  in  other  two  wheels  the  turns  be  taken,  6x6 
will  make  the  minute  wheel  go  round  in  an  hour;  and  if  this  is 
driven  8  turns  by  the  barrel  wheel,  the  barrel  will  come  out  9  inches 
diameter;  or  if  7  turns  near  upon  8  inches,  which  perhaps  may  be 
more  commodious,  on  account  of  winding  up  easy,  without  any  pur- 
chase but  a  common  handle,  this  will  give  you  coarse  pitches,  with 
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hii^  numbered  pmioiiSt  and  keep  the  wheels  of  veiy  moderate  sizes ; 
and  as  you  will  have  but  24  turns  of  the  barrel  in  one  case,  and  27fths 
in  the  the  other,  this  will  give  jou  an  inch  to  a  cord,  and  keep  the 
hairel  of  yeiy  moderate  length;  nobody  will  confide  in  the  strength 
of  your  work,  or    the  strength   of  your  cord,  if  but  one-third  of  an 
tadti  in  diameter ;  and  in  public  worics  appearances  are  to  be  regard* 
ed.    If  the  angles  of  the  minute  spindle  are  considerable,  I  shouM 
prefer  wheels  to  the   universal  joint    Be  very  careful  to  make  the 
toedi  of  the  dial  woris  fit  as  close  as  possible,  otherwise  I  think  Ae 
continual  f  agitation  of  the  wind  will  produce  too  much  wear  in  ftat 
part    6Aj   Respecting  the  dial  work,   I  would  not  only  balance  die 
hands  very  nicely  as  to  weight  outside,  but  also  observe  to  propor- 
tion the   quantity  of  surfiwe  in  proportion  to  the  distance  from   the 
oentre,  so  tiiat  the  power  of  the  tnnd  shall  be  in  equal  balance  both 
frontways   and   edgeways;    the  balancing  parts    being  painted  black 
upon  black  ground,  will  either  not  be  seen  or  not  regarded.    I  would 
not  use  a  cock  socket,  but  let  the  hour  hand  be  hung  upon  a  socket 
of  atleast  8  feet  length,  bored  truly,  and  the  minute  spindle  turned, 
and  nicely  fitted   thereto ;  this  will  throw  the  wheel  work  so  fiir  from 
the  face  that  a  man  can  get  between,  and  oil  the  outward  bearing  of 
the  hour  hand ;  and,  if  thought  necessary,  a  cap  can  be  contrived  to 
hold  oil;  the  l<mg  socket   can  be  made  to  adinit  oil  to  the  spindle 
through  holes  in  the  socket      7thly^   I  would    conduct  the   striking 
part  upon  the  same  principles;  but  as  you  will  be  obliged  to  strike 
upon  the  second  wheel,  I  would  take  as  many  blows  as  convenient 
in  the  time   of  it,    (suppose    8)    in  order  to  get  an  hi^   numbered 
pinion,   which,  I    think,    is  here  material;   and  then   6i   turns    will 
iMfing  you   about  to  the  same  calculation  in  respect  to  the  barrel  as 
the  wateh  part    I  wouk)  not,  to  save  a  running  wheel,  have  the  fly 
of  a  la^  diameter,  and  would  make  it  as  heavy  as  possible,  so  as 
not  to  offend  the  ear,  by  too  sensible  a  difierence  in  the  pauses  be- 
tween llie  1st  and  2d,  and  that  between  the  2d  and  3d,  and  subse- 
quent blows;   the  advantage  of  this  towards  continuing  the   motion 
with  as  little  loss  of  power  as  possible  is  obvious.    Sih^  In  respect  to 
thepmions,  I  would   make  them  either  in  the  compound  way  of  Mr. 
Hindley,  or  cut  out  of  the  sotid,  as  they  come  cheapest     If  made 
of  iron,  they  are  sufficiently  lasting,  if  well  figured,  nor  would  I  be 
at  any  cost  to  render  my  work  perpehudj  for  you  see  clocks  may  be 
mehed*^  as  well  as  worn  out    Brass  wheels  I  think  very  sufficient^ 

*  In  allttsion  to  the  Greenwich  Hospitd  clock,  which  was  so,  in  consequeDoe  of  a 
ptrt  of  the  building  being  burned  2d  January,  1799. 
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nor  wouU  I  me  any  beU  metal*  except  for  hufihiiig  the  mog  wkeeli 
and  verge  pivot  holes*  I  would  content  myeidlf  with  making  a  soimd 
substantial  piece  of  work,  strong  and  able  to  go  Ihrou^  its  businesB 
withoat  complaining.  I  am,  &c.  J.  S« — ^P.  S*  Aespectkig  the  b»* 
cessary  weight  of  the  hammer,  and  height  to  which  it  should  be  raisedj 
I  believe  friend  Ludlam  will  be  your  best  adviser.  I  speak  in  positive 
ienns,  to  avoid  unnecessary  words,  but  I  don^  expect  you  to  take  any 
thing  from  me  on  this  subject  that  is  contraiy  to  your  own  judgment*  I 
have  seen  much  trouble  taken  to  do  hann  which  I  would  wish  you  to 
avoid. 


The  JBev.  WtUimm  Ludiam^  Profeuar  of  MalhematUt  m  Cambtdg* 

Unkerutyf  io  Mr*  J.  BMm98» 


Dear  Sir,  Jviy  h  1779. 

i  choose  to  answer  you  now«  thou^  I  most  do  it  hastily  and  im* 
perfectly,  rather  than  by  delay,  to  make  it  of  little  use. 

A  turret  dock,  with  a  minute  hand,  is  difficult  to  make  in  any 
way  so  as  to  be  safe.  The  snow  in  winter  will  freeze  in  large  hunpa 
upon  Am  minute  hand,  and  dien  the  eddy  winds  will  whisk  it  round 
evety  way.  Mr.  Hindley  had  very  good  reasons  for  putting  his 
dkl  within  nde  of  the  church  at  York.  It  is  safer  to  do  with  an 
how  hand  only ;  if  that  may  not  be,  contrive,  if  possible,  to  sink 
the  dial  plate  within  some  bold  moulding,  or  place  it  in  any  recess 
that  is  proper,  shade  the  hands  all  you  may  from  the  wind,  and  dp 
not  make  the  kectrt^  at  end  of  the  minute  hand,  bigger  than  neoes* 
sary,  to  be  readily  seen.  The  hands  must  be  balanced  Wilkin^  not 
witiiout ;  lor  ^t  adds  to  the  power  of  the  wind,  and  is  un8i^tl^4 
The  dial  wheels  should  be  large  to  resist  the  force  of  the  wind  liry* 
ing  to  turn  the  hands.  The  dial  wheds  cannot  be  too  laige.  The 
purchase  which  a  long  minute  hand  has  over  the  the  teeth  of  a  BmaH 
minute  wheel,  frequently  gives  the  wmd  power  to  sti^  the  teeth  al 
rpund.  The  socket  woik  is  often  made  of  gun  banels ;  bewaie  «f 
iron  in'  the  socket  woik  of  the  hands,  it  is  sure  to  rust  aaid  set  al 
fast ;  and  when  ikie  scaffolds  are  stiuck,  perhaps  you  cannot  oome  at 
the  hands.  Sometimes  it  is  possible  to  make  the  middU  of  the 
|ylate  take  out,  so  as  to  come  at  the  hands  fiom  within;  when 
can  be  done  it  is  veiy  convenient  It  is  a  veiy  great  advantage  to 
have  a  13  foot  pendulum ;  from  many  trials,  I  am  sure  no  short  pen- 
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dulum  will  go  well;  nothing  can  make  a  9  inch  pendulum  go  as 
well  as  one  of  three  feett  nor  one  of  3  feet  equal  to  a  13  feet; 
diough  die  advantage  of  the  latter  over  the  second  sort,  is.  not  quite 
so  great  as  the  advantage  of  the  second  sort  over  the  first,  especially 
within  doors ;  but  the  advantage  of  a  13  foot  in  a  turret,  or  with- 
out doors,  over  a  3  foot  is  very  great.  I  am  of  Mr*  Hindley's 
mind,  62  feet  would  be  better  stilL  I  wUl  endeavor  to  ex- 
pound die  doctrine  on  which  this  maxim  is  founded.  l«f.  It  is 
desimble  that  the  clock's  force  on  the  penduliun  ball  should  be 
but  small  in  comparison  of  gravity's  force ;  yet  the  clock's  force 
must  be  adequate  to  all  the  impediments  to  the  motion  of  the  pendu- 
lum. 2d,  Bodi  the  clock's  force  and  that  of  the  impediments  will 
vary ;  but  the  less  the  variable  part  of  the  clock's  force  is,  to  the  whole 
of  the  clock's  force  impressed  on  the  ball,  the  better.  Compute  now 
the  force  with  which  the  weight  acts  upon  the  pendulum  rod  at  a 
given  distance  from  the  point  of  suspension ;  suppose  6  inches,  and 
the  proportion  of  the  clock's  force  there  to  its  force  on  the  ball  will 
be,  as  die  length  of  the  pendulum  to  that  given  distance ;  with  a  long 
pendulum,  therefore,  you  may  apply  a  greater  weight  to  the  clock  bar- 
rel, (than  with  a  short  pendulum)  and  yet  keep  the  clock's  force  on 
the  ball  the  same.  Now,  the  greater  the  weight  on  the  barrel,  die 
less  win  be  the  proportion  ^xihich  the  variable  part  of  the  clock's  force 
(arising  from  change  of  friction,)  will  be  to  the  whole  force.  The  abso- 
hite  friction,  or  absolute  variable  force,  is  a  litde  increased  by  the  in- 
crease of  weight,  but  the  proportion  of  its  variations  to  the  whole  is 
lessened.  In  clocks  so  exposed  and  so  neglected  as  turret  clocks  com- 
monly are,  you  must  lay  on  a  great  weight  to  drag  the  clock  through 
fiur  weather  and  foul  weather,  and  yet  you  must  not  (as  Mr.  Mudge 
would  say,)  make  die  auxiliary  force  too  great,  or  as  Harrison  (by  a 
very  significant  metaphor  expressed  it,)  give  the  clock  (that  is  the 
dock  weight  through  die  uncertain  intervention  of  the  wheels,)  the 
dominion  over  the  pendulum.  From  what  I  have  said,  you  will  see 
#iat  the  weight  of  the  ball  ought  to  be  60  or  60  pounds.  As  to  shape, 
I  think  some  resistance  of  the  air  far  from  being  of  disservice ;  the 
worst  forms  are  those  where  the  matter  in  the  ball  is  spread  out  wide* 
and  distant  from  the  axis  of  the  pendulum  rod,  and  I  think  a  globe 
the  best  form.  It  is  of  the  utmost  consequence  to  have  the  axis  of 
the  rod  pass  through  the  centre  of  gravity  of  the  ball,  otherwise  the 
action  of  the  ck>ck  will  generate  a  rotatory  modon  of  the  ball  round 
the  axis  of  the  pendulum  rod,  as  well  as  a  vibratory  motion.  This 
is  best  guarded  against  by   making  the  ball  a  sphere.     If  the  ball,  by 

any  accident,  gets  this  rotatory  motion,  it  will  subside  sooner  in  this 
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case,  than  when  the  matter  of  the  ball  is  spread  out  sideways.  The 
gridiron  pendulums  are  in  this  respect  inconvenient  things.  It  is  no 
small  difficulty  to  determine  in  what  way  to  make  the  rod ;  if  ci  iron, 
it  will  vaiy  with  heat  and  cold ;  even  in  this  case  it  should  uot  be  a 
single  bar,  but  a  frame.  A  frame  like  that  (See  Plate  XIX.  Fig.  R) 
was  used  by  £ayre,  of  Kettering.  The  pin  of  the  crutch  took  hold  of 
the  cross  bar  P  R  at  the  top.  The  several  bars  of  the  frame  were  rivet- 
ed at  the  joinings.  A  single  rod  of  13  feet  will  either  be  veiy  weak  or 
very  heavy.  The  framed  rods  of  T.  Eayre  were  light  and  yet  stiff; 
whether  a  wooden  rod  could  be  put  together  in  some  such  way,  I  know 
not.  I  would  have  the  tail  or  flat  of  the  crutch,  steel,  and  hard,  to 
be  clipt  by  two  fine  screws  of  steel,  also  hard :  no  oil  to  be  interpos* 
ed.  Here  I  must  refer  you  to  paragraph  86  and  87  of  my  Astrono- 
mical Observations ;  I  prefer  this  to  the  jointed  crutch  of  Mr.  Hind- 
ley  in  small  clocks,  and  much  more  in  turret  clocks.  If  you  think 
the  hardened  steel  parts  will  rust,  you  may  set  an  agate,  ground  flat  with 
parallel  sides,  for  the  screws  to  bear  against  The  force  of  the  clock 
has  a  strong  tendency  to  twist  the  jointed  crutch  of  Mr.  Hindley;  and 
the  parts  of  it,  from  their  shape,  have  very  little  tendency  to  resist 
that  twist  There  is  difficulty  in  providing  a  proper  spring;  two 
springs  are  used  to  prevent  the  twisting  of  the  rod ;  but  no  two 
springs  can  be  made  so  alike  in  temper  and  thickness  as  to  bend  ex- 
actly alike.  If  a  single  spring  is  used,  care  should  be  taken  that  it 
be  not  thicker  on  the  one  edge  than  the  other.  I  think  a  s|»ing  for  a 
13  foot  pendulum  should  be  about  -^  inch  broad,  by  about  3  inches 
in  the  woridng  part;  should  be  pinched  very  tight  in  the  pendulum 
rod,  and  also  very  tight  in  the  cock ;  in  both  cases  between  parts  or 
checks  filed  perfectly  flat  And  the  cock,  if  it  can  be,  should  be  screw- 
ed or  bolted  to  a  rock  as  big  as  the  Hospital ;  by  no  means  to  what 
is  loose  or  weak,  or  Uable  to  warp  or  twist  with  the  change  of  weaflier. 
Provision  should  be  made  to  catch  the  pendulum  in  case  the  ^ring 
should  break.  See  my  Observations,  par.  89.  As  to  'sci^>ement,  by 
all  means  make  it  to  retreat  I  have  four  clocks  in  the  house, — three 
with  dead  seconds,  one  retreat ;  none  of  them  keep  time,  fiur  or  foul, 
like  the  last  This  kind  of  'scapement  gages  the  pendulum,  the  dead 
seconds  leaves  it  at  liberty.  The  church  clock  of  Sheffield  was  made 
dead  seconds,  the  pendulum  13  feet.  When  the  work  was  worn 
smooth,  the  pendulum  increased  its  swing  a  foot  on  each  side.  Har- 
rison rejects  the  dead  seconds  in  all  cases  with  the  utmost  indi^ 
nation ;  but  it  does  the  worst  in  clocks  exposed  to  weather.  The 
common  'scapemenl,  taking  in  seven  teeth,  (the  whole  number 
being   30)    is   a   good   one;    but   the    face   of   the    leading    pallet 
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should  not  be  a  plane,  but  be  rounded   off,  wfailBt  the  face  of  the 
driving  pallet  is  an  exact  plane,  and  then  the  retreat  on  each  paUet 
may  be  made  equal.    In  these  pallets,  the  tooth  does  not  esca^  till 
the  pendulum  has  ascended  3  degrees ;  of  course  a  great  weight  is  re» 
quired.    Tou  may  makeaveiy  good  'scapement  bj  making  the  pal- 
lets take  over  10  teeth,  and  the  pendulum  to  escape  at  li  degree. 
In  this  case,  half  the  former  weight  will  have  an  equal  force  on  the 
pendulum    ball,  when  all  other  circumstances  are  the  same.     I  have 
sent  a  drawing  of  this,  with  the  constroction  according  to  my  book, 
par.  184,  and  have  just  set  out  a  large  clock  for  a  gentleman's  kitchen 
on  this  constructimi.    It  is  also  executed  by  a  woikman  here.    See 
Fig.  1,  Plate  XIX.    The  greater  fall  you  can  obtain  for  your  weight, 
the  better,  and  especially  the  more  turns  you  can  allow  for  your  first 
wheel,  and  the  lighter  you  can  (in  consequence,)  make  the  weight. 
If  you  have   many  turns  of  the  line   on  the  barrel,  you  may  want 
length  for  the  barrel.     Two  ways  are  used  for  this.     One,  which  is 
called  a  double  frame,  the  lower  part  of  the  frame  wider  than  the 
upper  part.    See  Fig.  2.     The   one  frame  behind  the  other.    The 
arbor  of  the  great  wheel  comes  through  the  first  frame,  and  has  a  square 
like  as  for  a  winding  key,  but  on  this  square  is  put  the  ratch-wheel ;  the 
end  of  the  square  is  hollow,  and  receives  the  pivot  of  the  barrel  arbor, 
and  admits  the  barrel  head  to  bear  against  the  ratch-wheel,  and  the 
barrel  head  carries  the  chck.     The  other  end  of  the  barrel  arbor  goes 
tibrou^  the  second  frame,  and  has  a  square  for  the  winding  key.     I  like 
this  the  best.  Fig.  3.  Donnisthorpe,  of  Birmin^iam,  (the  best  maker 
of  church  clocks  I  know,)  made  an  exceUent  clock  for  Deritend  chapel 
in  Birmingham,  in  this  manner.     That  man  and  his  afiairs  are  strange- 
ly disordered;  if  he  could  be  set  right  he  would  be  a  most  useful 
hand.     I  suppose  you  know  that  it  is  of  consequence  on  ivhich  side  of 
the  barrel  the  line  comes  down,  especially  if  the  barrel  be  laige.     Let  B 
be  the  barrel,  &c.     For  vohai  %$  smilar  to  ikia  part  of  Mr,  LudUim^s 
Mtter,  see  page  403,  and  Diagram^  Plate  XIV» 

I  think  I  have  now  done  with  the  watch  part.  It  is  often  very  advis- 
able to  have  the  watch  part  and  striking  part  in  separate  fitunes,  espe- 
cially if  there  be  quartan.  That  the  striking  may  be  regularly  discharg- 
ed without  fail,  you  know  by  the  example  of  the  York  clock.  A  very 
large  frame  is  seldom  strong.  Two  smaller  frames  are  in  many  cases 
both  cheaper  and  stronger,  and  the  strength  of  the  framing  is  much 
increased  by  diagonal  braces  or  crosses  in  Mr.  Smeaton's  manner. 
This  is  far  preferable  to  the  depending  on  the  shoulders  of  the  tenors 
only.     It  is  a  good  method  to  make  the  hammer  heavy,  but  to  let 
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the  weight  in  a  great  measure  rest  on  the  joint  pin  or  arbor  on  which 
it  (the  hammer,)  turns.  Mr.  Hindley  did  so  at  York  :  by  this  means 
the  weight  to  be  raised  by  the  clock  is  not  too  much ;  the  quantity  of 
matter  in  the  hammer-head  considerable,  and  the  blow  is  made  so  slow 
and  leisurely,  that  time  is  given  to  waken  thoroughly  a  large  bell. 

In  large  work  there  should  always  be  a  double  locking,  in  Mr. 
Hindley's  manner.  The  principal  locking  detent  should  be  strong, 
the  locking  piece  bear  it  down  with  a  good  force,  while  an  hook  holds 
it  up,  which  hook  is  removed  in  order  to  set  the  clock  a  striking.  The 
clock  at  Derilend,  in  Birmingham,  is  in  this  way.*  I  do  not  think 
the  repeating  way  so  safe  as  the  locking  plate,  carried  on  by  a  pinion. 
The  worst  is  where  the  locking  plate  hath  78  ratch  teeth,  and  is  carried 
on  by  a  pallet  I  have  known  it  fail  through  foulness  of  the  work. 
Clocks  of  this  sort  should  go  fair  or  foul. 

There  are  great  diversities  in  making  the  pinions.  The  lantern 
pinion  in  parts,  after  Mr.  Hindley's  fashion,  is  troublesome  to  make. 
I  have  seen  them  put  on  an  arbor  filed  into  6  sides,  and  followed  by  a 
screw :  but  the  screw  is  veiy  apt  to  «e/,  that  is  to  bend  the  arbor  when 
it  is  forced  up ;  sometimes  the  pinions  are  put  on  a  square  and  pinned^ 
sometimes  made  out  of  the  solid,  sometimes  all  steel,  sometimes  iron 
case-hardened.  W.  L. 

P.  S.  I  have  seen  turret  clocks,  where  many  hands  and  much 
load  has  been  on  the.  dial  work,  have  a  barrel  and  wei^t  to  keep  the 
hands  pressing  forward  with  great  force,  which  weight  was  wound  up 
when  the  clock  weight  was.  It  was  in  circumstances  where  I  do 
believe  the  clock  could  not  have  carried  forward  the  great  load  of 
dial  work.  I  cannot  see  the  disadvantage  of  three  wheels  more  than 
two,  so  much  as  you  seem  to  account  it.  In  the  watch  part,  let  the 
wheels  and  pinions  be  of  a  large  diameter,  well  toothed,  sized,  and 
pitched,  (yet  the  wheels  light,)  the  pivots  rather  small,  the  frame  stiff, 
and  not  encumbered  with  the  running  of  the  wheels  in  the  striking  part, 
(especially  if  quarters,)  a  frame  behind,  if  you  want  length  of  barrel, 
and  then  3  wheels  will  not  hurt.  By  all  means  make  the  pendulum 
rod  of  wood.  It  may  be  flat,  two,  or  even  three  inches  broad,  and  one 
thick.  The  regulating  ball  may  be  above  the  fixed  ball  in  two  parts, 
and  pinch  the  flat  between  the  parts,  and  slide  up  and  down.  The  regu- 
lating ball  will  have  the  roost  effect  when  in  the  middle.  See  my  book, 
par.  165. 

*  In  this  case  the  pin  that  raises  the  detent  must  both  raise  it,  and  also  pass  it 
in  the  time  of  making  the  last  stroke.  When  the  detent  is  raised,  the  hook  will 
catch  and  hold  it  up,  but  unless  the  pin  passes  the  detent,  it  cannot  drop  down 
again  when  the  hook  is  removed  for  striking. 
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Ff  tmi  ike  Rev.  William  Ludlamj  to  Mr.  Holmes. 

ZOth  Aug.  1779. 
When  I  proposed  to  balance  the  hands  from  within,  I  did  it  only 
to  lessen  the  surface  on  which  the  wind  acts,  and  its  influence  on  the 
hands.  Mr.  Smeaton  very  judiciously  proposes  to  make  the  action 
of  the  wind  balance  itself,  and  so  have  no  effect  to  turn  the  hands 
round.  Nor  did  I  consider  the  danger  of  the  hands  getting  loose 
on  the  square  by  their  own  weight,  nor  their  tendency  to  twist  the  rod. 
I  come  over  entirely  to  your  opinion  of  balancing  the  hands  with- 
out, and  think  Mr.  Smeaton's  proposal  should  by  all  means  be  adopt- 
ed. The  long  socket  proposed  by  Mr.  Smeaton,  for  the  arbor  of 
the  hand,  will  support  the  rod,  and,  by  touching  all  the  way,  there 
will  be  no  danger  of  galling  or  biting ;  but  then  the  metal  in  con- 
tact should  not  be  iron  against  iron ;  they  will  rust  and  set  fast ; 
what  think  you  of  brass  against  bell-metal  of  a  proper  composition 
that  is  not  too  hard  ?  Tou  must,  in  this  case,  by  all  means,  cut  asun- 
der the  rod  as  soon  as  it  comes  out  of  the  socket,  and  join  the  parts 
with  Hooke's  joint  Indee<J  such  a  joint  is  necessary,  in  whatever 
way  you  proceed ;  without  it,  if  the  clock-frame  setdes,  or  the  build- 
ing warps,  the  hands  will  be  set  fast ;  nor  can  the  dial-plate,  and  the 
socket  spoken  of,  be  set  so  true  to  the  work  in  the  clock-frame,  as 
that  all  shall  be  free.  This  allowing  the  rod  to  bend  in  that  place, 
the  two  parts  of  the  rod  making  a  very  obtuse  angle,  remedies  all 
this  danger.  I  speak  here  of  the  long  rod  coining  from  the  clock- 
frame,  and  carrying  the  minute  hand,  or  the  rod  conducting  the  mi- 
nute hand  ;  for  you  speak  of  this  rod  as  turning  round  in  an  hour  and 
a  half.  I  suppose  you  will  adopt  the  toothed  rim  of  the  contrate  wheels, 
not  at  right  angles  to  their  planes,  but  making  an  angle  of  135  degrees, 
(the  supplement  of  46°  to  ISQO)  as  m  Fig.  1.  Plate  XTIIL  These 
sort  of  contrate  wheeb  tooth  together  far  more  kindly  than  the  com- 
mon sort,  (as  in  watches)  when  the  two  wheels  are  of  a  size.  Where 
the  contrate  wheel  turns  a  pinion,  and  only  one  or  two  leaves  of  that 
pinion  at  a  time  are  engaged  in  the  teeth  of  the  contrate  wheel,  then 
the  common  way,  as  in  watches,  does  very  well.  The  danger  and 
mischief  of  the  parts  of  a  machine  biting  or  galling  each  other  is  very 
great,  especially  when  the  parts  bear  with  great  force  on  each  other  ; 
and,  with  respect  to  the  swing-wheel,  it  should  be  iths  of  an  inch  broad 
at  the  webb.  Old  Harrison  made  the  swing-wheel  of  the  clock  be- 
longing to  Trinity  College,  in  Cambridge,  as  much  or  more  ;  but  the 
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webb  was  but  about  iVth  of  an  inch  thick  (when  seen  flatwise.)  He 
also  gave  a  veiy  odd  shape  to  the  teeth  of  the  wheel,  Fig.  2,  in  order 
that  the  teeth  might  roll  upon  the  pallets  and  not  slide ;  because,  by 
rolling,  they  would  tear  up  (and  that  with  a  purchase)  any  matter 
that  might  glue  the  teeth  and  pallet  together,  and  also  to  make  the 
retreat  equal  on  each  tooth ;  see  my  quarto  book.  Art  197.  The 
pallet  frame  was  brass,  the  pallets  steel,  and  screwed  in  as  you 
see.  That  part  of  the  pallet  frame  of  a  light  colour,  is  about  i 
inch  thick,  the  end  that  holds  the  pallets  full  ^ths.  Pray,  show  Mr. 
Kendall  this  curiosity.  I  am  confident  (with  Mr.  Smeaton's  leave) 
that  you  cannot  make  a  church-cl6ck  go  so  well  with  a  3  feet  pendu- 
lum as  with  one  of  18  feet ;  for  you  cannot  lay  that  force  upon  the 
wheels  necessary  for  foul-weather-work,  and  the  neglect  of  the  parish 
sexton,  and  yet  keep  a  sufficient  dominion  of  the  pendulum  over 
the  wheels,  unless  it  be  much  more  than  3  feet ;  because  the  force  of 
the  swing-wheel  upon  the  ball,  (supposing  the  lashion  of  the  escape- 
ment the  same,  that  is  the  palletB  and  swing-wheel  similar)  is  dimi- 
nished in  proportion  of  the  length  of  the  longer  pendulum  to  the 
length  of  the  shorter.  I  had  not  computed  the  swing  of  the  pendu-  , 
lum  when  I  wrote.  The  chord  of  3  degrees  on  a  radius  of  39.2  is 
2.06  inches,  and  on  a  radius  of  13  feet,  0.8  inches,  is  only  8.2,  so 
that  if  you  take  the  common  escapement,  and  drop  off  at  three  de- 
grees, and  swing  4  or  4i  degrees,  the  pendulum  will  not  have  too 
much  motion.  I  perfecdy  agree  with  Mr.  Smeaton  in  desiring  the 
pendulum  should  move  20  inches  or  near  for  the  esciq>ement,  and  have 
room  for  20  inches  more  for  vibration.  The  cycloidal  cheeks  are  not 
of  great  use,  as  cycloids  ;  but  in  large  clocks  they  govern  the  spring, 
prevent  it  from  bending  irregularly  or  suddenly  in  weak  places,  which 
oflen  occasions  it  to  break  in  those  places.  Fig.  3.  are  the  cheeks  of 
Trinity  College  clock,  Cambridge.  The  pendulum  is  6  feet  4  inches 
long,  escapes  at  4.6  inches,  or  3^  24'.  Whether  Harrison's  cycloidal 
cheeks  are  brass  or  iron,  I  forget,  but  I  think  brass,  very  thick  and 
strong,  and  very  firmly  fixed,  and  I  believe  their  form  circular,  from  a 
radius  of  five  inches.  In  some  instances  he  used  a  circle  of  four  inches 
radius.  By  all  means  make  provision  to  catch  the  pendulum,  if  the 
spring  should  break.  I  agree  with  Mr.  Smeaton,  that  a  cylindrical 
rod  of  2  inches  diameter,  or  more,  is  pr^erable  to  any  fiiamed  one. 
If  you  suspend  the  weight  by  a  single  line,  the  rope  will  untwist, 
if  by  a  double  line  and  pulley,  as  in  an  eightrday  clock,  the  force  of 
twisting  in    the   line  will   often   twist   the   two   lines   together   into 
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one;   espociaily  when    the    weight  has  descended  a  great   distance 
fimn  the    upper   works«    from   whence    the   lines   come  down.    In 
diese  cases  I  have  put  an  arm  to  the  weight,  with  a  wheel  at  the 
end ;  which  wheel,  by  the  twisting  of  the  line,  bears  against  a  smooth 
wall,  and   so   stop   the   twisting.      Consider  of  this.      At  all  adven- 
Uiies,  it  will  be   proper  to   put  somewhat  to  receive  the   weight  if 
it  should  falL     Nothing  better  than  a  great  stone  upon  a  wool-sack. 
Periiaps  Dr.  Hooke's  rope  and  arm  had  better  be  employed  to  guide 
the  weight  to  the  wool-sack,  than  to  catch  it    I  am  afraid  the  sudden 
jerk  would  break  the  safety-rope,  and  toss  the  weight  to  a  great  dis- 
tance.   If  the  weight  be  stone  or  cast  iron,  the  stone  at  the  bottom 
should  have  a  bed  of  sand  up<ni  it ;  or  rather  you  should  substitute  a 
box  of  sand  instead  of  the  stone.     If  stone  dash  against  stone,  or 
against  cast  iron,  it  wilt  certainly  fly  into  fragments,  and  that  may  be 
mischievous.     Malt  dust  b  veiy  elastic,  and  yet  solid;  but  will  not 
the  mice  eat  it?    Is   saw-dust  not  better?   In  the  foUowing  iSgures, 
neither  the  proportion  nor   the  arrangement  of  the  parts  is  regarded. 
The  drawings  are  intended  to  show  only  the  manner  in  which  they 
act  on  each  other.     The  arrows  in  the  wheels  show  which  way  they 
turn.    Fig.  4.  is  the  manner  of  locking  and  unlocking  the  great  clock 
at  York.    A  is  the   count-wheel   which  determines   the  number  of 
strokes,  and  goes  once  round  in  78  strokes.     (La  Roue  de  eompU.) 
B  is  the  detent  wheel  which  goes  once  round  in  one  stroke.     (La 
R<m  ^EioUoHu)     D  is  the   detent — d  is   the   locking  piece  riveted 
or  screwed  to  the  detent;  e  is  a  like  piece  screwed  to  the  webb  of 
the  wheel  B.    The   surface   where  these  two  meet  is  sloped  pretty 
much,  and  the  wheel    pressing  with  great  force,    (by  reason  of  the 
weight  required  to    raise   the    hammer,)    the   detent   D   is   pressed 
downward  with  so  great  a  force,  that  the  watch-part  would  not  have 
force  sufficient  to  raise  it  up,  as  is  done  in  common ;  and  were  the 
slope  of  the  paits  d  and  •  lessened,  or  were  they  square,  the  force  of  the 
wheel  B  might  drive  the  detent  upwards,  and  the  clock  not  lock  safe. 
H  is  an  hook  (U  crocket)  which. holds  up  the  detent,  when  raised ;  the 
end  of  the  detent  D,  which  presses  on  the  hook,  presses  (in  die  Yoik 
clock)  with  but  about  the  fourth  of  its  force  at  d! ;  the  bearing  parts 
areneariy  square,  and  the  hooks  easily  drawn  back.    E  is  the  arm 
of  the  hook.    L  is  the  great  loaded  lever  raised  by  the  clock ;  hav- 
ing a  weight  at  the  end  of  the  longer  arm,  and  a  nag's  head  N,  at 
the  end  of  the  shorter  arm,  which,  in  lifting,  passes  the  end  E  of  the 
arm  of  the  hook,  and  gets  underneath  it  (as  here  drawn).     The  work 
is  then  chaigedt  or,  on  the  warning,  when  the  lever  is  let  go,  it  raises 
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the  hook,  but  the  tail  E  and  the  nag's  head  part  asunder  at  the  point 
opposite  to  p,  and  the  hook  returns  to  its  proper  position  of  rest  In 
the  meantime  the  detent  D  drops  down,  the  piece  d  falls  below  e, 
the  clock  strikes.  At  the  last  blow,  a  pin  9,  in  the  count-wheel,  Ia3r8 
hold  of  the  talon,  or  nib  of  the  other  arm  F  of  the  detent,  raises 
the  arm  D,  and  the  hook  H  being  now  ready  to  receive  it,  gives  way 
to  let  it  pass,  and  then  hooks  it  up,  so  that  the  piece  e  meets  the 
piece  d,  and  the  clock  is  locked  up.  But  the  pin  q  must  both  raise 
the  detent  to  the  full  height  of  the  hook,  and  also  pass  the  nib  F  in 
the  time  of  the  last  blow  ;  for,  if  the  pin  q  is  not  clear  of  F,  the  detent 
cannot  drop  at  the  next  hour. 

This  work  can  never  miss,  if  the  nag's  head  N  (le  pied  de  Bkht)^* 
does  not  stick,  and  its  spring  be  sufficient  to  return  to  its  place.     Le-  I 

vering  or  coal-weighing  the  hook  from  under  the  detent,  (by  the 
purchase  of  the  weight  at  the  end  of  the  lever)  is  a  cooler  motion, 
and  far  more  certain  than  jogging  it  off  by  a  pendulum,  which  hangs 
close  to  the  hook.  This  pendulum  is  drawn  back  by  the  clock,  and 
being  let  go,  presses  beyond  its  place  of  rest,  gives  the  hook  a  blow, 
or  a  jog  on  the  elbow,  and  so  knocks  it  off  its  hold.  If  the  blow  is 
weak,  it  may  not  jog  it  off ;  if  the  pendulum  is  drawn  a  great  way,  it 
may  continue  its  vibrations  and  jog  it  off  a  second  time,  and,  at  the 
short  hour  of  one,  may  discharge  the  clock  again.  When  this  piece 
goes  by  a  spring,  it  is  called  a  flirt  (h  detent  ^  faucet).  Whether 
you  use  a  loaded  lever,  or  a  jogging  pendulum,  you  have  the  whole 
hour  to  do  it  in,  (but  of  this  more  hereafter).  Mr.  Hindley  had  but 
a  quarter  of  an  hour,  (for  the  quarter  part  was  discharged  by  the 
watch  part),  and  therefore  he  was  obliged  to  employ  every  minute  of 
time.  Fig.  5.  is  a  repeating  part  having  this  property,  that  it  is  dis- 
charged without  lifting  against  the  striking  weight  of  the  clock.  At 
the  last  blow  the  rack  raises  the  arm  L  of  the  detent,  by  which  means 
the  striking  is  stopped.  At  discharging,  one  arm  of  the  lifting  piece 
H  gets  under  the  arm  E  of  the  detent,  so  that  when  the  (k  crochet) 
gathering  piece  6  is  lifted  out  of  the  rack  C,  the  detent  cannot  fall 
although  the  rack  falls.  This  makes  warning.  When  the  lifting 
piece  falls  back,  the  clock  strikes.  But  observe  :  The  ends  of  the  pie- 
ces, E  and  H,  must  be  so  formed,  that  if  the  striking  weight  should  be 
down  in  striking,  and  the  arm  E  be  fallen,  that  then  the  lifting  piece  H 

*  If  a  joint  is  of  such  a  sort,  that  the  two  parts,  when  in  their  constant  and  reg- 
ular position,  make  nearly  a  right  line,  I  would  then  call  it  a  deer's  foot  joint,  pUd 
de  Biche.  When  these  parts,  at  the  regular  position,  make  an  obtuse  angle,  such 
as  the  head  of  an  horse,  I  would  then  call  it  a  nag's  head  joint,  UU  de  eheod. 
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nny  raise  it  up,  and  not  stop  against  it ;  for  this  would  stop  the  watch 
part  Fig.  6.  Plate  XIX.  is  a  new  way  of  raising  the  vertival,  (in 
French,  la  haminU)  or  arm  that  raises  the  hatnmer.  Here  the  wheel 
has  only  4  pins,  A  is  the  vertival  in  the  common  way,  B  is  the  ver- 
tival in  the  new  way,  6  is  the  section  the  contrary  way.  This  ver- 
tival ought  to  be  of  such  a  shape  as  to  pass  the  arbor  of  the  wheel, 
though  not  so  drawn.  In  both  cases,  the  pin  will  slide  upon  the 
vertivaL  In  the  former  case,  the  quantity  of  sliding  is  the  sum 
of  the  versed  sines  of  the  arch  described  by  the  lifting  pin,  and 
of  the  arch  described  by  the  end  of  the  vertival ;  in  the  latter 
case,  the  quantity  of  $Uding  is  the  difference  of  those  two  ver- 
sed sines,  and  therefore  lees  by  double  the  lesser  of  those  versed 
sines.  In  the  former  case,  the  pin  wheel  and  vertival  turn  contrary 
ways.  In  the  latter  the  same  way.  In  the  former  case,  exactness  in 
fitting  the  centres  is  not  necessary;  in  the  latter,  a  htUe  wearing  in 
the  centres  will  much  alter  the  height  to  which  the  hammer  is  raised. 
In  the  latter  case,  the  pins  should  not  be  round,  but  flat  pieces  screw- 
ed to  the  wheel.  Even  in  the  case  of  pins,  it  is  best  to  make  them 
only  half  round,  so  that  the  vertival  drops  off  from  an  edge.  York 
clock  is  so.  Fig.  7.  regards  the  manner  of  lifting  in  the  watch  part 
for  discharging  the  striking  part  When  you  lift  by  a  pin  in  the 
common  way,  you  can  lift  only  for  half  a  revolution  of  the  lilting- 
wheel,  that  is  in  common  cases  for  half  an  hour.  You  must  there- 
fore be  idle  for  half  an  hour,  and  of  necessity  you  must  do  an  hour's 
duty  in  half  an  hour's  time,  and  therefore,  while  you  do  w<»rk,  must 
labor  twice  as  hard  as  is  necessary,  if  you  take  the  whole  hour.  Be- 
sides, it  is  not  proper  to  have  the  duty  so  unequal ;  it  is  best  to  be 
at  all  times  nearly  equal.  Lift  it  therefore  from  a  two-hour  wheel, 
with  two  pins ;  but  if  you  lift  in  common  with  the  lever  A,  Fig.  7, 
you  cannot  with  two  pins  hft  the  whole  hour,  or  through  an  entire 
semicircle ;  but  in  the  new  way  before  mentioned,  with  the  lever  B, 
you  may  lift  dirough  an  entire  semicircle,  or  for  the  whole  hour.  If 
the  centre  of  B  could  be  placed  i^tfain  the  circumference  of  the  wheel, 
you  might  lift  for  iths  of  a  revolution  of  the  wheel  or  more.  What 
has  been  written,  are  thoughts  as  they  occuned,  with  litde  or  no  re- 
ference to  yours.  I  will  now  speak  to  yours.  Your  wheels  are  of  a 
noble  size,  and  the  numbers  high;  but  I  cannot  clearly  understand 
your  design.  There  are  156  strokes  of  the  striking  part  in  24  hours, 
and  1248  in  8  days.  There  are  46^  strokes  in  one  turn  of  the  great 
wheel,  and  consequently  27^  turns  of  the  line  upon  the  barrel.  But 
the  watch  part  does  not  correspond  tothis;  for,  suppose  you  have  a 

66 
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3  foot  pendulum,  to  which  you  seem  inclined,  then  your  great  whed 
goes  round  in  4  hours,  or  6  times  in  a  day,  or  4S  in  eight  days  ;  'but 
with  a  13  foot  pendulum,  the  great  wheel  goes  once  round  in  8  hours, 
or  24  turns  in  8  days,  which  corresponds  well  enough.  I  am  clear 
for  a  13  foot  pendulum.  As  to  the  escapement,  the  point  lies  be* 
tween  the  common  escf4>ement  that  I  sent  (where  the  wheels  have 
double  force;  and  the  clock  will  go  with  almost  half  the  weight  ne- 
cessary in  the  common  'scapement)  This  depends  upon  the  care  in 
keeping  the  clock,  and  its  being  exposed  to  weather.  If  neglected 
and  suffered  to  go  dry,  if  the  wind,  rain,  and  snow  are  let  in  upon 
the  work,  you  must  have  as  much  weight  as  may  be,  but  if  not,  the 
latter  escapement  will  lessen  the  friction  and  load  on  the  wheels;  yet 
I  doubt  if  it  will  give  vibration  enough.  I  perceive  your  dial-work 
goes  off  from  the  second  wheel,  whose  period  is  M  minutes.  Your 
contrate  wheels  must  be  one  laiger  than  the  other ;  yet  make  the  webb 
where  they  tooth  in  form  of  figure  1.  I  suppose  you  will  have  a 
sliding  plate,  with  one  or  two  setting  screws  upon  the  second  wheel,  to 
set  the  hands  occasionally.  Take  care  that  this  plate  may  be  easily 
released,  and  fixed  firm,  perhaps  it  turns  some  other  wheel  in  an  houTt 
or  which  is  preferable,  two  hours  and  two  turns,  and  the  sliding  is  on 
this  other  wheel ;  for  I  cannot  see  how  a  wheel  turning  in  li  hour 
can  cany  the  pins  that  discharge  the  striking  part.  With  regard  to 
the  hammer,  I  scarce  know  what  to  say,  nor  indeed  have  I  sufficiently 
considered  whedier  the  duty  upon  the  striking  pins  is  such  as  will  re* 
quire  so  great  a  weight  as  170  lb.  But  you  must  not  overload  the  clock. 
If  your  bell  be  a  free  bell,  and  willing  to  speak,  a  little  matter  will 
fetch  the  full  tone  out  of  it  If  stiff  and  hide  bound,  do  what  you 
*  will,  the  tone  will  soon  decay,  and  a  wooden  bell  be  as  good. 


The  best  bell,  the  best  peal  of  bells  in  the  worid,  are  in  this 
very  town,  and  yet  they  never  regarded  them.  They  undertook  (what 
is  impossible)  to  cast  two  bells,  one  of  which  should  be  an  8ve  and  4th, 
the  other  an  8ve  and  6th,  or  12th,  to  the  tenor  at  St  Maiy's,  Cam- 
bridge, which  is  D  in  the  modem  opera  pitch.  They  did  send  two 
things  they  called  bells  ;  but  neither  ringers,  singers,  nor  the  professor 
of  music  at  Cambridge,  have  been  able  to  determine  what  note  they 
speak ;  the  general  sentiment  is,  that  they  speak  no  note  at  all.  I 
think  it  a  pity  to  be  at  great  expense  and  deface  the  cupola  only  for  a 
temporary  station  for  the  clock.    Surely  for  a  while  they  might  affi>rd 
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dioe-kather  for  a  man  to  go  and  wind  it  up  twice  apweek.  Excnto 
my  writing  in  this  rambling  and  desultoiy  manner.  To  keep  method 
and  order,  I  must  make  half  a  dozen  of  copies.  I  find  one  enough ; 
it  will  serve  to  suggest  and  bring  all  things  to  jour  mind,  so  that  no* 
thing  may  M  out,  but  what  you  have  considered,  and  that  is  all  I  pre- 
tend to  do.— I  am  yours, 

William  Luolam. 


The  Rw.  WUUam  Ludkm  to  Mr.  J.  Bphnet. 

Dkar  Sir,  llth  September,  1779. 

When  I  wrote  to  you  about  a  fortnight  ago,  I  was  just  going  a 
journey.  Two  things  have  occurred  since,  which  I  send  you  post- 
paid, to  balance  your  firanks.  I  am  ^ways  entertained  and  obliged 
to  you  for  accounts  of  mechanical  undertakings ;  pray  regard  not  the 
postage,  nor,  if  it  gives  you  trouble,  seek  for  firanks.  I  think  your 
grsat  dock  should  be  kept  going  while  winding  it  up;  not  merely  to 
prevent  loss  of  time,  but  to  prevent  the  swing  wheel  from  going  back- 
wards, through  the  fiiction  of  the  bairel;  and  the  consequent  dan- 
ger of  the  pallets  pitching  upon  the  points  of  the  teeth.  The  com- 
mon way,  with  a  .driver  and  shutter  before  the  square,  may  do  very 
well.  The  other  two  ways,  one  by  a  spring,  the  other  by  a  pinion, 
&c.  between  the  barrel  and  great  wheel,  you  know  very  well.  In- 
stead of  steel,  you  might  have  agate  pallets ;  they  may  be  set  in,  or 
screwed  in  a  brass  frame,  many  ways.  Harrison,  you  know,  used 
diamond  pallets.  Mudge,  in  an  ei^tnlay  clock,  aj^lied  pallets  made 
of  flint ;  but  agate  is  harder,  is  not  a  stone  of  great  value,  and  is « 
not  so  hard  but  it  may  be  easily  wrought  into  a  proper  form,  and 
highly  polished. — ^Yours,  &c. 

William  Lvdlam. 


Mr.  J.  Hobnee  to  ike  Reo*  WilUam  Ludlam. 

IhuR  Sir,  London,  I7ih  An^uet,  1779. 

I  r^y  can't  find  words  sufficient  to  eiqnress  my  grateful  thanks 
to  you  for  your  very  kind  letter  of  the  1st  of  last  month ;  you  have 
therein  communicated  to  me  so  many  usefiil  and  ingenious  things, 
that  if  I  do  not  avail  myself  sufficiently  of  them  in  the  Greenwich 
Hospital   clock,  it  will  be  my  own  fault      I  beg  you  will   accept  of 
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ny  roost  sincere  thanks  for  liiis  very  great  and  obliging  imvor,  vAnmii 
I  slioiild  not  have  been  so  long  of  transmitting  to  you,  but  that  seve- 
ral  things   intervened,   which  I  hope   will   plead   my   excuse*      Mr. 
Smeaton   had   wrote  me  word,   after  I  had   wrote  to  yoiL      He  had 
thought   very  much  on  the  subject.      I  was  willing,   therrfcre,  of  re- 
ceiving his  ideas  before  I  made  up  my  own  mind,  which  he  obliging*' 
ly  gAve  me  in  a  full  sheet     It  turned  out  also  that  his  business  was 
likely  to  bring  him  to  town,   which  it  did,  and  he  went   with  me  to 
see  the  place,  and  only  lefl  us  last  week.     I  have  the  pleasure  to  inr 
form  you,   that  in  almost  all  the  great   points,  your  ideas   and  his 
agreed.      He  read  your  letter  with  great  pleasure,  and  found  several 
ingenious   things   enturely   new  to  him ;    he  begged  his  best  compli- 
menis  to  you  and   family.      Having  taken  up  so  much  of  your  time 
with  this   preamble,  I  shall  now  beg  leave  to  mention   some  part  of 
your  letter,  as  also  Mr.  S.'s  and  what  passed  in  conversation,  and  to 
beg  your  farther  assistance  in  some  nutters  yet  unsettled.    The  clock 
movement  is  in  great  forwardness,  and  I  will  annex  to  this  the  num- 
hers  and  sizes  of  the  wheels.     I  think  you  will  smile  when  you  find  I 
have  got  4  wheels  into  the  train  of  the  watch  part;   but  this  aroee 
firom  necessity;   the  clock   stands  very  much  above  the  dials,  which 
are  opposite  to  each  other ;    so  that  if  (he  rods  to  the  dial-work  had 
been  carried  by  a  wheel,  to  go  round  ki  an  hour,  the  contrate  wheels 
must  have  been  very  small ;  I  have  therefore  chose  that  wheel  to  go 
round  in  an  hour  and  a  half.     I  have  adopted  the  double  frame*  after 
Mr.    Hindley's,   most  of  which  is  cast-iron,  as  also  his  pinions  with 
the  leaves  let  in ;  and,  as  far  as  I  could  prevail,  (for  I  must  work  with 
other  person's   tools,)  I  shall  have  all  the  wheels  and   bearing  parts 
considerably  larger  than  common.     Here  Mr.  S.  carries  the  matter  so 
far  as  to  wish  the  swing-wheel  one  inch  thick ;  the  inconveniency  arising 
from  the  change  of  tenacity  of  oil,  he  thinks  of  little   consequence, 
compared  widi  the  danger  of  the  parts  biting  one  another ;  of  this  he 
is  so  much  afraid  in  his  practice,  that  in  a  new  miU-wheel  we  have  put 
in  at  Deptford  water-works,  our  gudgeons  are  above  8  inches,  and  those 
of  our  old  wheel  only  2^  inches ;  the  large  one  wears  perfecdy  smooth, 
and  keeps  its  oily  matter ;  whereas  the  small  one,  having  so  few  bear- 
ing parts,   presses  out  the  oily  matter,  and  is  constantly  getting  diy, 
and  wearing   into   rings.      I  shall   take   care,   however,  to  keep  my 
wheels  as  light  as  I  can,  by  arming  the  crosses  diagonally  from  the 
teeth  to  the  bottom,   so   that  they   may   have   sufficient  strength  to 
support  them.    I  now  beg  leave  to  come  to  your  letter,  and  I  hope 
you  will  excuse  me,  when  I  take  the  fi«edom  of  differing  ftom  you. 
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uid  whichy   unhickiljf  will  be  in  ibe  fini  part  of  it*  where  you  pro* 
poee  the  hands  to  be  balanced  within ;  now,  in  this  oase^  the  minute 
hand  is  very    liable  to  get  loose   on  its  square,  as  it  will   always  be 
dragging,   and  it  will  be  necessary  to  give  it  a  laige   square  to  pre- 
vent it.     It  will  also,  when  pressed  by  the  wind,  have  nothing  on 
the  opposite  side  to  take  off  that  force,  whereas  a  balance  on  the 
outside  will  in  part  prevent  it      St  Paul's  clock  used  to  have  no 
outwaitt  balance  to  the  hand,  so  that  when  the  hand  got  a  little  past 
12,  it  would  fall  a  minute  or  two  at  a  time ;    it  has  been  lately  al- 
tered, and  there  is  now  to  the  minute  hand,  on  the  opposite  end,  a 
round  ball,  at  about  one-third  of  the  length  of  the  minute  hand.     Mr. 
S.  proposes  that  the  bakmce  to  the  minute  hand  should  be  made  as 
thick  as  it  conveniently   can,   so,   that  it  may  present  to  the  wind, 
when  it  blows  parallel  to  the  dial,  near  as  much  surface  as  the  hand 
itself:     He  also  proposes  that  the  arbor  of  it  should  be  fitted  into  a 
weU-bored   socket,   and  touch  all  the  length,   and  that  this  socket 
should  have  holes  in  it,  at  convenient  distances,  to  put  in  the  oil.    If 
you  wish  to  read  his  letter,  I  will  send  you  a  copy  of  it ;  but  part  of 
this  proposal  was  in  conversation.      Mr.  S.'s  ideas  are  the  same  as 
youis,  for  the  pendulum  ball  to  be  a  sphere,  and  the  'scipement  a 
retreat;    but  he  thinks  a  short    pendulum    might    be    made    to   go 
well,  by  giving  it  an  equal  dominion  over  the  main  force ;   the  prin- 
cipal  part  he   differs  in,  is  its  vibration ;    if  I  calculated  right,   the 
'scapement  you  have    iavored  me    with,    wluch    'scapes  at  1-^,  wiH 
only  move  a  13  foot  pendulum   ball   from  'scapement  to  'scapement 
7.8  inches,  whereas  he  seems  to  wish  it  to  go  to  the  extent  of  20  inch- 
es, and  room  for  20  inches  more  of  vibrations,  and  thinks  the  cycloi- 
dal  difference  will  be  small,  compared  with  the  advantage  arising  from 
the  great  dominion  such  a  pendulum  would  have ;    for  my  own  part, 
I  am  wishful  of  being  in  the  mean,  and  think  the  common  '8c^>eroent 
may  periiaps  be  best ;  but  of  this,  I  am  very  desirous  of  your  furtfier 
opinion.      He  likes  very  much   Mr.    Eayre's   frame  for  the  rod,  but 
thinks  a  cyhndrical  rod  of  about  2  inches   diameter   would  be  more 
likely  to  keep  straight  than   any  framed  one.      The  full  explanation 
you  have  favored  me  with,  of  the  necessity  of  the  pendulum  having 
a  great  dominion  over  the  main  force,  was  so  strongly  impressed  upon 
me,  by  your  very  sensible  though  short  publication,  alter  Mr.  Har- 
rison's communication,  that  I  have  made  every  use  of  it  my  practice 
would  allow,  and  I  now  thank  you  for  being  more  partaeular  <m  that 
subject      Your   observations  on  the  lines  drawing  on  that  side  next 
the  pinion,  though  so  ingenious  and  obvious  when  told,  were  entirely 
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new  to  both  Mr.  S.  and  myself;  but  I  shall  tire  you  with  repealing 
your  observations;  will  therefore  again  thank  you  for  them,  and  pro* 
ceed  to  those  I  wish  more  particularly  explained.    Tour  reasons  for 
the  bell  being  struck  by  a  heavy  hammer  resting  on  its  joint,  are  so 
conclusive,  that  I  only  wish  I  could   adopt  that  matter  to  your  par^ 
tacular  ideas  of  this  case;  our  bell  is  nearly  12  cwt  3  qrs.  and  our 
utmost  fall  for  single  line  56  feet.     I  have,  therefore,  by  sketch  and 
calculation,  endeavored  to  come  at  how  this  matter  will  stand  to  the 
abilities  of  the  clock.      Suppose  a  hammer  301b.,  and  that  the  centre 
of  gravity  of  it  is  placed  one  foot  from  its  joint,  on  an  arm  elevated  46^, 
that  this  hammer  is  drawn  6.7  inches,  rising  3  inches  perpendicular, 
it  will  require  a  weight  of  170  lb.  to  be  a  balance  to  it,  or  the  same 
hammer  elevated  60^  to  be  drawn  3.84 '  inches,  rising  2  inches  per- 
pendicular, a  weight  113  lb. :  now,  as  the  weight  must  be  considerably 
larger  to  put  all  in  motion,  I  am  much  afraid  the  first  of  these  wiD 
be  too  much  for  the  clock :  how  far  the  second  will  fetch  the  full  tone 
out  of  the  bell,  I  am  no  judge,  and    will  therefore    be  particulariy 
obliged  by  your  opinion,  not  on  my  sketch,  but  on  any  you  think  will 
be  best     Mr.  Thwaites  says,  he  thinks  a  hammer  of  18  lb.  Med  4 
inches,  will  do,  and  the  weight  1  cwt  1  qr. ;  but  I  have  had  no  oppor- 
tunity of  seeing  him  since  I  had  his  letter,  and  do  not  know  whether 
he    means  4  inches    perpendicular,  but  beUeve  he  means    drawn  4 
inches.     Having  mentioned  the  fall  66  feet,  I  will  beg  leave  to  give 
you  the  particulars  and  my  ideas  of  the  matter.     The  clock  is  intend- 
ed to  be  put  up  in  the  new  cupola,  and  a  convenient  place  to  be  built 
for  it ;  but  till  that  is  done,  it  is  to  be  placed  ih  the  present  cupola, 
near  over  the  painted  hall :  here  it  will  stand  between  the  inner  and 
outward  dome ;  the  lines  must  come  through  the  painted  roof  of  the 
inner  cupola,  and  proceed  down  the  side  of  a  cylindrical  part  under, 
and  so  be  carried  into  the  comer,  where  there  is  a  very  convenient 
place  for  the  weights  to  fall ;  but  we  can't  get  the  56  feet  without  cut- 
ting through  about  3  feet  of  (I  believe)  stone  work,  for  the  weights 
to  pass  through,  but  I  think  can  get   about  46  feet   without  it      I 
should  never  have    ventured  to  have    proposed   this   place,    fearing 
these  lines  would  be  too  much  an  eye-sore  in  this  building ;  my  ori- 
ginal intention  was  to  have  proposed  the  weights  to  have  been  within 
the  two  cupolas,  .where  we  can  get  near  18  feet,  and  I  should  then 
have  proposed  the  clock  being  wound  while  in  this  place  twice  a-week ; 
but  I  found  this  idea  would  not  please,  and  this  place  was  mentioned 
to  me.     I  have  since  consulted  Mr.  S.,  and  being  wishful  of  avoiding 
this   deformity,   proposed   still  to  keep  the   weights   between  the  cu- 
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ptrfas,  and  to  put  the  axis  in  peritrochio  to  each ;  if  so,  Mr.  S. 
proposed  to  lay  under  the  weight  a  huge  flat  stone,  well  bedded  in 
some  springy  matter,  to  catch  the  weight,  if  it  falls;  and  I  should 
also  add  Dr.  Hooke's  rope  and  aim  to  the  weight ;  but  I  believe  the 
great  weif^t  this  will  require  will  frighten  me,  for  pe<^le  are  fre- 
quently under  it,  and  the  inner  roof  is  but  slight ;  therefore  think  I 
shall  content  myself  with  such  part  of  the  46  feet  as  will  be  neces- 
sary, and  put  a  douMe  line  to  it  at  first  There  is  only  one  part  I 
will  fiirther  trouble  you  about  Mr.  S.  nor  myself  can't  remember 
what  was  Mr.  Hindley's  double  locking  you  mention ;  your  descrip* 
tion  of  it  would  therefore  be  very  serviceable  to  me.  I  must  now  beg 
pardon  for  this  long  letter.  I  shall  esteem  any  observations  you 
please  to  make,  a  singular  favor,  and  shall  be  particularly  obliged 
to  you  for  your  further  instructicms  on  the  three  following  heads, — 
the  'scapement  and  pendulum,  the  hammer,  and  double  lockkig. — I 
am.  Sir,  with  the  greatest  deference  and  respect,  &c. 

J.  Holmes. 


From  Mr,  John  Hobnea  to  the  Rev.   W.  Ludkan. 

Dear  Sir,  London^  l^h  September^  1779* 

I  received  your  favors  of  the  28tii  of  last  month  and  1 1th  of  this^ 
and  for  which  I  return  you  my  most  sincere  thanks.  I  am  very 
sorry  you  should  think  of  paying  the  postage  of  your  last  letters  ;  this 
affiiir  is  wholly  mine.  Your  reading  my  letters  is  doing  me  a  great 
favor,  and  every  line  you  write  a  singular  service;  your  letters  are 
so  full,  your  drawings  and  descriptions  so  clear,  that  I  have  now  lit- 
tle to  trouble  you  with ;  but  first,  I  will  endeavor  to  set  some  mat- 
ters clear,  that  I  have  been  short  or  mistaken  in  my  last  letter.  My 
intention,  fit)m  the  first,  was  to  have  a  13  foot  pendulum ;  I  had  ne- 
ver any  intention  of  a  shorter ;  and,  in  consequence  of  this,  the  clock 
is  raised  about  16  or  18  feet  above  die  dials ;  the  two  rods  therefore 
coming  down  firom  die  clock  to  the  two  dials,  make  an  angle  of 
near  80  degrees  to  one  another,  and  these  two  rods  have  each 
a  contrate  wheel  with  teeth  standing  in  the  manner  you  de- 
scribe, both  which  are  turned  by  a  contrate  wheel  in  the  clock;  we 
found  it  necessary  to  enlarge  the  contrate  wheel  in  the  clock,  other- 
wise these  two  wheels  would  have  been  very  small;  this,  therefore, 
was  the  reason  why  the  contrate  wheel  in  the  clock  goes  round  in  an 
hour  and  a  half;  but  these  two  wheels  being  fds  of  the  size  of  the 
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contrate  wheel  in  the  dock,  will  now  run  free  of  one  another,  be  a 
good  size,  and  go  round  in  an  hour  each,  and,  as  these  rods  are  long, 
I  propose  a  Hooke's  joint  to  each :  at  the  bottom  of  each  of  diese 
rods  will  be  another  contrate  wheel,  toothed  to  the  proper  angle,  and 
which  will  turn  others  to  carry  the  hands.  Had  I  been  acquainted 
with  the  whole  you  favored  me  with  in  your  letter  of  the  28th 
last,  I  would  undoubtedly  have  endeavored  to  make  the  second 
wheel  in  the  clock,  on  which  the  ccmtrate  wheel  is,  go  round  in  two 
hours  instead  of  an  hour  and  a  half.  It  would  have  saved  us  a  wheel, 
which  must  be  to  set  the  hands  by  and  unlock  the  clock ;  this  wheel 
I  intend  to  go  round  in  two  hours,  and  lift  the  lifting  piece  in  the 
judicious  manner  you  describe,  bearing  its  load  the  whole  hour;  as 
this  wheel  is  out  of  the  train,  it  will  be  a  small  burthen  to  ^  dock* 
The  pallet  frame  you  describe  has  been  long  used  by  Thwaitee,  I 
believe,  ever  since  he  made  a  clock,  under  Harrison's  directions,  for 
the  Foundling  Hospital  I  had  some  thoughts  of  agate  pallets,  but 
found  they  would  be  an  extra  charge  of  three  guineas,  and,  as  I  un- 
dertook to  make  this  clock  for iS  120,  a  moderate  price  for  a  good 
one  in  die  common  way,  I  think  it  needless  to  le^  out  a  fourth  or 
fiflh  part  of  my  profit  in  them,  and  especially,  as  I  propose  to  give 
more  vibration  to  the  pendulum  than  common,  I  am  desirous  of  try- 
ing steel  pallets  first,  and  can  add  agate  ones  afterwards.  The  un- 
kiddng  you  have  favored  me  with  is  so  very  safe,  that  I  propose  to 
use  it,  also  the  manner  of  drawing  the  hammer,  which  is  greatly  eased 
of  the  friction  in  the  common  way ;  this  I  find  is  in  a  clock  made  by 
Thwaites,  under  directions  of  the  late  Mr.  Ellicott,  for  the  London 
HospitaL     Nothing  perplexes  me  so  much  as  the  bell ; 


The  case  at  present  stands  dius ;  he  has  got  a  bell  by 
him,  weight  12  cwt  2  qrs.  21  lb.  2f  inches  in  the  sound  bore,  and 
I  think  about  3  feet  and  a  half  diameter,  which  he  says  is  a  very 
good  bell.  Mr.  Green,  who  succeeds  the  late  Mr.  Romily,  the  small 
bell-founder,  was  so  obliging  as  to  go  with  me  to  hear  it ;  he  says  it 
is  a  very  good  toned  bell ;  he  has  also  another  bell  of  a  larger  size, 
and  1  cwt  2  qrs.  0  lb.  heavier ;  on  striking  this  beU,  I  found  a  lesser 
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blow  wouk)  bring  the  sound  better  out,  than  out  of  the  other,  and  I  was 
informed  it  was  because  the  bell  was  more  spread.     This  struck  me,  and 
on  conversing  with  some  of  my  friends,  I  am  fully  convinced  that  a  bell, 
as  commonly  made  for  a  peal,  is  not  the  fittest  for  a  clock  to  strike  on, 
and  is  what  you  call  a  tight  bound  bell.     My  ideas,  therefore  are,  that 
if  we  have  a  bell  of  this  weight,  it  must  be  larger,  or  if  of  this  size 
lighter,  the  bell   being  then  thinner,  will  be  easier  put  into  vibration 
by  the  power  of  the  clock ;  the  difficulty  with  me  is  what  directions  to 
give.     It  is  a  matter  we  can't  easily  make  experiments  on,  so  far  as  I 
can  judge  ;  if  the  same  sized  bell  had  2cwt.  or  3cwt.  less  metal  in 
it,  the   blow    the  clock   will  strike   would    be    much  better  spread* 
Also,  that  the  same  effect  would  be,  if  the  bell  was  to  be  enlarged  in 
that  proportion,  and    have  the   same  weight  as  this  has.     I  will  be 
extremely  obliged  to  you  for  your  opinion  on  this  matter,   before  I 
speak  again  to  the  founder.     I  am  well  aware,  if  a  bell  is  made  in 
the  manner  I  propose,  it  would  pitch  much   farther ;   but  I  see  no 
objection  to  this  ;  all  that  we  want  is,  to  have  a  bell  that  will  be  best 
heard  with  the  blow  we  can  give.     The  way  I  calculated  in  my  last 
letter,  the  weight  of  the  clock,  was  by  multiplying  the  weight  of  the 
hammer,  by  its  perpendicular  rise,  and  that  by  the  number  of  blows 
in  8  days,   the  product  of  this   multiplication,  I  divided  by  the    fall 
which  gives  the  weight  that  will  be  a  balance  to  the  hammer.     Two 
things  I  have  been  informed  of,  the  first  of  which  I  think  will  be  of 
use,  and  the  last,  if  not,  can  do  no  harm,  viz.  that  by  hammering, 
hardening,  and  smoothing  the  face  of  the  hammer,  and  filing  the  part 
of  the  bell  where  it  is  struck  on,  we  shall  bring  out  a  better  tone  at 
first  than  otherwise  we  should,  if  we  lefl  these  in  the  rough.     As  I 
am  informed,  the  oflener  a  bell  is  struck,  the  bettor  it  is  heard,  owing 
to  the  touching  parts  getting  smoother  and  harder.     The  other,  that 
if  the  hammer  head  is  navious  and  thin,  and  very  long,  it  will  strike 
a  better  blow  than  if  spread  in  breadth  or  thickness  :   how  far  this 
may  be  the  case,  I  can't  guess.     One  would  think  the  same  matter, 
with  the  same  fall,  would  produce  the  same  effect ;  there  may  be  some- 
thing in  the    matter  laying   behind   the  touching  part,  and    pressing 
more  directly  upon  it     Several  trades,  as  caulkers,  pewterers,  &c.  use 
very  long  hammer  heads,  perhaps  for  this  reason.     I  shall  now  conclude 
with  my  sincerest  thanks  for  your  very  great  and  kind  assistance  in  this 
matter  ;  you  have  not  only  done  me  the  most  essential  service,  but  giv- 
en me  the  most  heartfelt  pleasure,  in  thinking  I  have  in  some  shape, 
some  merit,  or  you  would  not  have  taken  so  much  pains  to  serve  me.     If 
your  time  will  admit  you  to  give  me  your  opinion  about  the  bell  soon, 

pray  do. — ^I  am.  Sec.  j.  holmbs. 

67 


450  APPENDIX,    (A.) 

The  Rev.   W.  lAidlamy  to  Mr,  John  Holmes, 

Dear  Sir,  Sept.  24,  1779. 

I  am  sorry  that  it  is  not  in  my  power  to  give  you  the  informatioa 
I  wish  relating  to  bell-founding.  I  saw  a  great  deal  of  it  in  the  time 
of  the  late  Mr.  Thomas  Eayre,  of  Kettering,  a  man  who  had  a  true 
taste  for  it,  and  spared  no  expense  to  make  improvements :  much  of 
the  tone  depends  on  minute  circumstances  in  the  shape ;  and  Mr. 
Eayre  had  crooks  or  forms  cut  on  thin  boards,  carefully  taken  from 
the  inside  and  outside  of  all  the  good  bells  he  could  find.  This  coun- 
ty and  Northampton  abound  with  the  best  bells  I  ever  heard,  cast 
by  Hugh  Watts,  of  Leicester,  between  1630  and  1640.  Ringers  in 
general,  who  are  commonly  constituted  the  judges  of  bells,  (and  as 
such  are  fee'd  by  the  bell-founder)  regard  neither  tune  nor  tone.  The 
hanging  of  the  bell  is  all  they  regard,  that  they  may  show  their  dex- 
terity in  change-ringing.  That  shape  of  a  bell  that  is  best  for  tone,  (a 
long  one)  is  not  the  best  for  hanging  or  ringing  ;  so  tone  is  utterly  dis- 
regarded,— ^to  please  the  ringers  and  get  money,  is  all.  In  my  opinion, 
the  thinner  the  bell  and  deeper  the  tone  the  better,  provided  it  is  not 
what  they  call  shelly,  that  is  like  a  thin  shell,  such  a  tone  as  the  frag- 
ments of  a  broken  Florence  flask  will  give.  A  deep  tone  always  sug- 
gests the  idea  of  a  great  bell,  is  more  grave,  and  better  suited  to  the 
slow  strokes  of  a  church  clock,  and  is  heard  farther.  The  clock  at 
St  Clement  Danes,  in  your  neighborhood,  strikes  the  hour  t^ce, 
once  on  the  great  bell  in  peal,  and  again  on  its  octave  or  12th,  I 
know  not  which  ;  listen  to  them  and  you  will  perceive  which  is  most 
agreeable  and  best  heard.  The  son  of  Mr.  Thomas  Eayre,  who  was 
a  good  bell-founder,  cast  a  dish  bell,  of  five  or  six  hundred  weight, 
for  the  church  clock  at  Boston  in  Lincolnshire.  Mr.  Thomas  Eayre, 
very  early  in  life,  made  a  curious  cUme  for  Sir  T.  Wentworth,  after- 
wards Lord  Malton,  and  father  of  the  Marquis  of  Rockingham,  which 
had  13  dish  bells,  the  biggest  about  two  hundred  weight.  This  is  at 
Harrowden,  near  Kettering. 


I  cannot  help  thinking  a  bell  of  5  or  6  hundred  weight,  of  the  dish 
form,  might  be  cast  far  fitter  for  your  purpose  than  one  of  the  church 
form.  But  who  shall  do  it  ?  Who  has  had  any  experience  of  bells 
of  this  form  t  It  must  also  be  observed,  that  small  differences  in  the 
form,  in  the  shape  or  thickness  of  the  soimd-bole  of  a  church  bell, 
will  make  great  difference  in  the  tone.     All  I  can  say  is,  it  is  not  the 


SMKATOIf  AND  LUDLAM's  LBTTCRS.  45] 

weight  of  metel,  but  soroentet  remihiDg  from  the  shape  of  the  bell, 
that  giTee  both  freedom  and  depth  of  tone,  as  I  can  prove  by  mai^ 
instances.    What  that  shape  is  that  makes  a  bell  so  willing  to  speak 
is  a  question  which  a  good  bell-founder  ought  to  be  able  to  answer. 
It  is  a  kBOwniiand  undoubted  fact,  that  a  bell  speaks  much  better 
when  both  the  clapper  and  the  bell  is  hammer-hardened,  and  when 
thej  are  worked  in  to  touch  each  other  in  many  points.     I  had  men- 
tioned this,  but  I  supposed  you  would  make  the  hammer-head  of  cast 
iron.     I  think  also  the  shape  of  die  hammer  you  mention  lb  of  some 
advantage.     Mr.  Thomas  Eayre  used  to  make  his  chime  hammers  of 
the  shape  you  mention.    If  you  make  the  clock  to  unlock  by  a  nag's- 
head-jointt  &c.  in  Mr  Hindley's  way,  then  observe^  dmt  if  the  dock 
be  turned  backwards,  (that  is,  if  the  lifting  pins  be  turned  backwards) 
after  the  nag's-head  is  got  under  the   hook  of  the  detent,  (which  I 
call  warning)  you  will  then  not  only  draw  back  the  hook  of  die  de- 
tent, but   may   keep  it  drawn   6acir,   and  so  the   clock  continue  to 
strike  till  it  is  down.     Indeed,  to  play  this  perverse  trick,  you  must 
set  the  clock  back,  at  the  very  nick  of  time  just  after  wamtng',  and 
you  must  set  the  clock  back  only  a  very  little.     A  blot  is  no  blot  till 
it  is  hit,  and  yet  I  have   known   the   veriest  fool  of  a  parish  clerk, 
without  the  least  design,  stumble  on  such  a  nicety  as  this,  and  put  all 
into  confusion.     I  must  now  beg  the  favor  of  Mr.  Kendall  to  resolve 
me  a  few  questicMis*    What  number  of  watches  he  had  made  by  order 
of  die  Board  of  Longitude,  &c.  ?  The  first  I  know  was  an  exact  copy 
of  Harrison's,  or  as  Mr.  Short  phrased  it,  parU  Uke  porft,  &c.    After 
I  sealed  this,  I  recollected  that  above  40  years  ago,  Thomas  Eayre 
made  a  large  turret  clock,  with  quarters,  for  Lady  £.  Germain,  (now 
Lord  6.  Grermain's)  at  Drayton,  near  Thropton,  Northamptonshire, 
all  the  bells  of  which  are  di$h  belU^  of  a  lai^  size,  I  know  not  their 
weight,  I  suppose  the  biggest  four  hundred   weight;  they  are  heard 
a  great  way.  I  am,  &c. 

W.    LUDLAM. 

From  ike  Rev.  WilHam  LudUm  to  Mr.  John  Hohnes. 
Dbar  Sir,  January  10,  1780. 

Many  tbinga  have  occurred  to  me,  since  I  wrote,  about  the  proper 
form  of  a  sounding  body,  to  be  struck  by  the  clock  hammer  instead 
of  a  bell  in  the  common  form,  of  those  made  to  be  rung,  and,  of 
course,  struck  with  a  clapper.  I  am  persuaded  a  shape  might  be 
contrived,  that  would  give  a  strong,  deep,  clear,  and  lasting  note,  a 
note  as  perfectly  uniform  and  musical,  as  the  deep  pipe  of  an  organ* 
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(not  wild,)  and  that  with  so  light  a  load  on  the  clock  wheeb,  as  by  no 
means  to  require  very  stroi^,  or  very  large  work,  nor  an  heavy  weig^ 
(For  this,  I  suppose  the  hammer  to  have  much  matter  in  it,  yet 
I  suppose  the  weight  of  that  matter  to  rest  very  much  on  the  aibor 
or  axis  of  the  hammer.)  All  this  I  am  confident  may  be ;  but  who 
will  be  at  the  expense  of  making  trials,  to  explore  this  unknown  re- 
gion in  the  land  of  bell-founding  ?  who  will  pay  for  journeys  to  visit 
that  great  dish,  eight  hundred  weight,  very  deep,  but  wild  bell,  I 
mentioned  at  Boston,  or  those  lesser  ones  (of  200  lb.)  at  Lord  Rock- 
ingham's near  Eettoing  t  Now,  as  this  cannot  be,  I  mean  to  fill  up 
my  paper  with  an  account  of  some  curiosities  in  that  way,  which  I 
have  actually  seen.  There  is  an  instrument  brought  from  the  East 
Indies,  I  think,  from  China,  called  a  gon  or  gong,  made  of  hammer^ 
ed  brass,  about  16  inches  over.  The  dravnng  is  a  section  of  it 
See  Plate  XYIII.  Fig.  T.  What  I  call  the  sides,  A  A,  are  abottt4 
inches  deep,  and  seem  to  supply  the  ofiice  of  the  sides  of  a  drum, 
while  the  flat  part,  B  B,  answers  to  the  stretched  parchment,  only 
there  is  a  raised  part  in  the  middie,  to  stifle  it ;  on  this  raised  part 
you  beat,  with  a  ball  of  pack-thread  of  4  or  6  inches  diameter,  fastened 
to  the  end  of  a  stick.  The  brass  at  a  mean  is  about  ^  of  an  inch  thick, 
but  unequal.  The  whole  form  being  manifestly  taised  out  of  a  flat 
plate  by  the  hammer.  The  tone  is  amazingly  deq>,  clear,  and  sonorous. 
The  note  of  that  I  saw,  and  had  sometime  in  my  possession,  was  F, 
en  octave  below  the  F-fa-let  chflT  in  the  bass :  where  that  is,  any  mor 
sician  can  tell.  Has  Captain  Maxwell  seen  any  such  thing  7  they  are 
often  to  be  found  in  India  shops.  N.  B.  Ther  gong  is  above  an  8ve  be- 
k>wthe  deepest  church  bell  known.  Provide  now  a  good  clear  clock 
bell  of  4  or  5  inches  diameter,  provide  a  cylmder  of  liiin  tin,  see  F%.  S, 
about  2i  diameter,  and  7  or  8  inches  long,  with  a  bottom  soldered  in 
it ;  provide  a  round  flat  cork  to  fit  it,  to  make  an  occasional  bottom. 
Having  put  the  cork  a  little  way  in,  set  the  bell.  Fig.  M,  on  its  crown, 
mouth  upwards,  hold  the  cylinder  horizontally,  with  the  mouth  very 
near  the  edge  of  the  bell,  a  very  little  above  it ;  strike  the  bell ;  if  you 
find  the  sound  not  altered,  push  in  the  false  bottom.  At  some  place 
where  tiie  cylinder  is  of  a  proper  depth,  suitable  to  the  tone  of  the  bell, 
the  sound  will  be  increased.  Cut  the  cylinder  to  this  length,  and  it 
will  do  better  without  the  cork.  There  is  some  nicety  and  uncertainty 
in  finding  a  cylinder  of  a  proper  length ;  how  far  the  diameter  afiTects 
it  I  know  not ;  but  when  circumstances  are  right,  the  sound  is  most 
wonderfully  augmented  :  insomuch,  that  when  the  sound  of  the  na- 
ked bell  can  no  longer  be  heard,  bring  the  cylinder  to  it,  and  you 
will  so  revive  and  magnify  the  dying  sound,  that  it  may  be  plainly 
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iMard.  This  was  aeddentally  dbcoT«red  by  T.  Eayre  wlio  having 
a  number  <^  brass  shells  for  clock  weigfats«  and  a  number  of  clock 
bells,  l^ng  on  his  board  together,  observed  tiiis  ^ect  in  an  hi^  d^ 
gree,  from  the  accideiital  position  of  one  of  them.  It  is  not  to  be 
doubted  but  that  the  ancients  used  brazen  vessels  in  some  such  way  to 
augment  the  voice  of  the  actors  in  their  theatres,  which  were  so  mon- 
strous large,  the  actor  could  not  otherwise  be  heard.  Now,  my  idea 
is  to  have  a  vast  great  gong,  and  I  would  so  augment  the  sound  with 
tin  or  braten  vessels,  that  it  should  riiake  the  college  walls  from  end 
to  end.  At  the  same  time,  I  would  have  the  sound  so  deep^  dear,  and 
melodious,  that  Lord  Stmdiwkh  himself  should  acknowledge  its  place 
in  the  gamut,  or  scale  of  musical  sounds.  This  is  my  Utopian  idea. 
I  doubt  not  but  a  flat  sheet  of  bell-metal  would  give  a  great  sound. 
All  kind  of  Metals,  marble,  fcc.  in  this  shape  always  give  a  great  and 
fiee  sound. 

foun,  Ate  William  Lvdlam. 

(B.) 

DtUertr^M  Clock  'iScdjxm^nl,  referred  to  oi  page  238, 

PlaU  IX.  48. 

A  B  is  the  wheel  of  arriU^  or  repose ;  C  D  the  wheel  of  im- 
pulse ;  both  having  the  same  number  of  teeth,  but  diffeiing  greatly 
in  their  diameters.  £  is  &e  pallet  seen  on  its  arbor,  in  which  is  a 
notch,  to  allow  the  teeth  of  the  wheel  of  orrHi  to  pass ;  at  the  in- 
stant of  this  taking  place,  the  teeth  of  the  lesser  wheel  give  impulse 
to  the  pallet,  and,  having  esci^ped  it,  a  tooth  of  the  larger  wheel  falls 
on  the  circular  part  of  the  pallet  arbor. 

(C). 
JinuMs  detached  ^tcapemeni^  referred  to,  page  245,  Plate  IX f  61. 

51.  is  a  detached  'scapement,  as  made  by  the  late  Mr.  Arnold,  and 
by  his  son,  the  present  Mr.  Arnold,  for  box-chronometers.  The 
'scapement  or  balance-wheel  A,  having  twelve  toeth,  is  calculated  to 
have  a  train  of  14,400,  and,  by  the  seconds  hand,  half  a  second  will 
be  marked  at  eveiy  step  by  it,  on  seconds  circle  of  the  dial.  The 
acting  part  or  face  of  the  tooth,  is  partly  in  the  form  of  a  cycloidal 
curve,  and  stands  above  the  {^ane  of  the  wheel,  as  represented  in  the 
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edge  view  given  of  it ;  in  the  plane,  the  shaded  or  dark    part  of  the 
tooth  may  bo  supposed  either  the  upper  end  or  top,    or  a  secCioo  of 
it;  the  other  two  sides  are  flat,  or  bounded  by  right  lines,     the  longest 
of  which  forms  an  angle  with  the  cjcloidal  curve,  and  on  this  angle 
the  wheel  is  locked  by  the  spring  ..detent  C  D,  in  which  is  set  a  small 
bit  of  fine  stone,  either  of  ruby  or  sapphire,   for  the  purpose  of  the 
wheel  being  locked  on  it     This  bit  of  stone  may  be  supposed  to  be 
put  into  the  spring  detent,  so  as  to  stand  near  the  point  of  the  ad- 
justing screw  6,  or  nearly  where  the  letter  a  is.     It  is  by  the  screw  6 
that  the  detent  piece  can  be  made  to  have  more  or  less  hokl  of  the 
angle  on  the  tooth.     The  end  of  the  detent  stone  piece  must  be  of  such 
a  length  or  height  as  to  be  quite  free  from  the  inside  bottom  of  the 
wheel;  R  is  the  main  pallet  or  roller,  having  an  opening  or  notch  in 
it,  on  one  side  of  it,  the  right  hand  one  being  what  is  called  the  face  of 
the  paUet,  in  which  is  set  a  piece  of  precious  stone,  as    seen  at  c.      It  is 
on  it  that  the  curved  part  of  the  tooth  acts.     As  represented  in  the  fi- 
gure, the  tooth  1.  has  carried  the  pallet  so  far  on,  by  a  distance  equal 
to  that  between  tooth  2.  and  the  point  of  the  adjusting  screw.     Con- 
centric with  the  main  pallet  R,  is  a  small  lifUng  pallet  <2,  whose  use 
is  to  unlock  the  wheel,  by  pressing   on  the  side  end  of  the  lifting 
spring  D,  and,  carrying  it  so  far  inwards,  takes  the  detent  and  its 
spring  along  with  it ;  the  detent  piece  of  stone,  by  this  means,  get- 
ting free  of  the  angle  of  the  tooth  at  a,  the  wheel  gets  forward  and 
the  tooth  1.  gives  impulse  to  the  main  pallet  R.     During  the  fint 
part  of  the  impulse,  and  before  the  impelling  tooth  gets  so  far  on  as 
is  here  represented,  or  it  may  not  take  place  till  the  tooth  gets  a  litde 
farther  on,  the  end  of  the  lifling  spring  parts  with  the  lifting  pallet 
d,    leaving  the  detent  and  its  spring  at  liberty;  the  detent  then,  by 
means  of  its  spring,  comes  quickly  to  its  place  at  a,  and,  before  tooth 
1.  has  escaped,  is  ready  to  receive  tooth  3.  and  lock  it     On  the  ba- 
lance retuniing  from  the  vibration  given  by  this  impulse,  the  pallet 
d,  meeting  with  the  end  of  the  delicate  Ufling  spring,  carries  it  so  far 
outwards,  and  then  parts  with  it  to  complete  its  vibration  on  this  side. 
It  is  evident  that  the  point  of  the  adjusting  screw  opposes  the  detent 
being  carried  that  way,  although  the  lifting  spring  is  not,  and  yet  it  ia 
at  the  same  time  connected  with  the  detent  spring,  but  extends  so  fiir 
beyond  the  end  of  the  detent  spring,  that  the  Muig  pallet  d,  whether 
going  or  returning,  cannot  touch  it,  but  cannot  pass  either  way  with- 
out meeting  with  the  sides  at  the  end  of  the  lijfling  spring,  and  working 
on  it     The  detent  spring  is  screwed  to  one  of  the  frame  plates,  by  the 
paume,  or  sole,  near  to  which  it  is  made  very  thin  and  weak ;  and  at 
this  place,  the  centre  of  motion  of  the  detent  piece  may 'be  supposed 
to  lie.    The  lifting  spring  is  pinned  by  one  end  to  the  side  of  the 
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defeat  springt  whieh  may  be  called  the  outaide  of  it  It  is  easy  to 
peiceive  that  the  unlocking  is  made,  by  carrying  the  detent  spring  in- 
waids,  or  towards  the  centre  of  the  wheeL  When  this  takes  place,  the 
cycloidal  part  of  the  tooth  ftlls  (not  on  the  point  but  a  little  within  it,) 
on  the  blunted  edge,  or  neariy  so,  of  the  face  of  the  pallet ;  having  given 
impulse,  and  escaping,  the  wheel  is  again  locked,  and  so  on.  The 
wheel  is  unlocked  at  every  alternate  vibration  of  the  balance,  or  7200 
times  in  an  hour,  or  120  times  in  a  minute ;  hence  Jbalf  seconds  are 
marked  on  the  dial  by  the  seconds  hand.  The  diameter  of  the  main  pal- 
let R,  may  be  made  at  the  option  of  the  'scaperoent  maker  in  any  pro^ 
portion  to  that  of  the  wheel ;  but  it  must  always  stand,  when  the  wheel 
is  locked,  fiiee  between  the  teeth ;  and  the  impulse  given  by  the  wheel  to 
it,  wUl  be  so  much  the  more  direct  the  less  the  difference  of  the  diameters. 
And  in  this,  experience  is  the  best  test ;  but  it  requires  long  and  reitera^ 
ted  trials. 

(D.) 

tlamahaw^a  detached  ^scapenunl^  referred  to  page  246, 

Plate  IX.  62. 

52.  shows  the  detached  'scapement  made  by  Mr.  Eamshaw  for  his 
box-chronometers.  The  balance  wheel,  A  B  C  D,  is  plain,  or  flat,  made 
of  steel,  and  sometimes  of  bi'ass,  the  teeth  have  somewhat  of  the  ratch- 
et form,  and  are  considerably  undercut  on  ihe  face ;  the  number  of 
teeth  being  12,*  and  calculated  so  as  to  give  half  seconds,  by  the  steps 
of  the  seconds  hand  on  the  seconds  circle,  in  the  same  way  as  has  been 
mentioned  in  Arnold's.  The  steel  roller  or  main  pallet  M  S  K  has 
an  opening  in  it,  the  face  of  which  is  abo  much  undercut,  having  a 
piece  of  some  fine  stone,  such  as  hard  ruby  or  sapphire  set  into  it, 
as  seen  at  /  A,  for  the  puipose  of  making  the  points  of  the  teeth  work 
smoothly  on  it,  and  preventing  any  wearing  from  their  constant  action. 
A  stud  6  \B  fixed  to  the  potence  plate,  and  to  this  stud  the  detent 
spring  FF  is  screwed,  and  made  very  slender  and  weak  near  the  stud. 
It  is  by  the  3rielding  at  this  place,  that  any  motion  can  be  given  to 
the  detent  on  iHuch  the  wheel  is  locked  ;  and  here  is  its  centre  of  mo- 
tion. The  tooth  D  of  the  wheel  is  supposed  to  be  locked  on  a  flat 
side  of  the  stone  detent,  which  is  fixed  in  a  thick  part  of  the  detent 
spring,  by  means  of  which  it  presses  against  the  inside  of  the  head 
of  the  adjustmg  screw  m,  which  works  in  a  fixed  stud  a  P ;  so  that 

*  In  the  specification  he  states  13  teeth  for  the  balance  wheel,  (while  IS  teeth  is 
given  in  the  Plate)  and  18,000  for  the  train.  We  have  shown  at  page  26,  that  a 
train  of  18,000,  with  a  balance  wheel  of  13,  is  not  easily  to  be  obtained. 
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when  it  is  screwed  into  this  stud,  &e  detent  witt  have  less  hold  of  the 
tooth,  and  vke  vena*  T  is  a  delicate  spling  attached  to  the  inner 
side  of  the  detent  spring,  and  which  is  called  the  lifting  spring.  The 
end  of  the  detent  spring  is  bent  a  very  httle,  so  that  the  free  end  of 
the  Ufimg  spring  may  bear  only  on  the  inward  bent  point  at  o.  Con- 
centric with  the  main  pallet,  is  the  snmll  lifting  pallet  n,  which  is  fiat 
on  the  face,  or  lifting  side,  and  tapered  or  rounded  off  on  the  oppo- 
site side.  Its  position  in  the  figure  represents  it  ccMning  with  its  face 
against  the  lifting  spring,  which  it  would  carry  away  with  it ;  but  this 
cannot  have  place,  without  taking  along  with  it  the  detent  spring, 
and  consequently  the  detent  is  carried  out  from  locking  a  tooth  of 
the  wheel  at  D.  By  this  time  the  main  pallet  has  got  so  far  forward, 
as  to  be  in  the  way  of  receiving  impulse  from  the  tooth  B,  and  be- 
fore it  can  escape,  the  lifting  pallet  parts  with  the  end  of  the  lifting 
spring,  and  leaves  the  detent  and  detent-spring  immediately  to  re- 
sume their  place.  The  detent  will  then  be  ready  to  receive  the  tooth 
Ct  by  which  the  wheel  is  again  locked.  The  balance  having  perform- 
ed this  vibration,  by  the  impulse  given,  returns,  and  with  it  the  lifl- 
ing  pallet  n,  the  tapered  side  of  which  will  press  the  lifting  spring 
inwards,  but  cannot  cany  the  detent  spring  with  it,  this  being  pre- 
vented by  the  inside  part  of  the  head  of  the  adjusting  screw  tn  ;  after 
passing  the  lifting  spring,  it  goes  along  with  the  vibration  of  the  bal- 
ance, on  whose  return  the  face  of  it  will  again  meet  with  the  lifting 
spring ;  unlocking  then  takes  place,  and  so  on.  The  unlocking 
here  is  performed  by  carrying  the  detent  outward  from  the  centre  of 
the  wheel,  which  is  locked  by  the  extreme  points  of  the  teeth.  Mr. 
Earnshaw  gives  as  a  rule  for  making  the  inclination  of  the  fiices  of 
the  teeth,  and  main  pallet,  that  they  should  be  in  a  line  drawn  from 
the  points  of  the  teeth,  as  a  tangent  to  a  circle  whose  diameter  is  half 
of  thai  of  the  wheel ;  and  the  same  rule  is  used  for  the  ftce  of  the 
pallet,  which  is  shown  by  the  dotted  lines  and  circle  in  the  figure. 
As  the  detent  stone-piece  on  which  the  tooth  D  is  locked,  being  set 
into  that  side  of  the  detent  spring,  lying  undermost  in  the  figure,  it 
cannot  therefore  be  well  represented  here.  The  points  or  dots  at 
the  letters  k  and  a,  show  the  relative  positions  of  brag  locked  and 
unlocked.^  The  flat  part  of  the  stone  detent  goes  a  very  little  way 
in,  as  at  ib,  to  receive  the  point  of  the  tooth  A,  on  the  opposite  aide 
of  the  wheel,  when  locking  is  supposed ;  and  at  imlooking  the  dot  at 
a,  may  be  supposed  to  be  the  utmost  extent  of  the  detent,  when  caiv 
ried  out  by  the  detent,  and  lifting  springs  at  that  time.  The  detent 
spring  lies  above,  and  clear  of  the  wheel,  and  the  detent  stone-piece, 
may  be  either  a  semi-cylinder  or  an  angular  piece.  A  flat  side  is 
however,  in  either  way,  requisite  for  the  tooth  of  the  wheel  to  lock  on 
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it,  and  the  height  or  length  of  this  stone  should  be  a  little  below  the 
under  side  of  the  wheel,  so  that  the  teeth  may  at  all  times  have  a  sure 
hold  on  it  Mr.  Eamshaw  has  stated  that  he  makes  the  diameter  of 
his  roller  or  pallet  larger  than  that  of  Arnold's,  which  will  no  doubt 
allow  the  teeth  of  the  wheel  to  give  a  more  direct  impulse  to  iL 
The  diameter  of  the  roller,  however,  if  carried  too  far,  would  lessen 
the  hold  of  the  teeth  on  the  pallet  Where  a  wheel  of  12  teeth  is 
used,  it  will  give  scope  for  getting  in  a  pallet  of  considerable  length. 
If  the  drawings  in  the  specifications  be  correct,  the  proportion  be- 
tween the  diameter  of  the  balance  wheel  and  of  the  roller,  seems  to 
t>e  the  same,  or  nearly  the  same,  in  Arnold's  and  Earnshaw's  'scape- 
ments. 

(E.) 

Owen  Robinson^s  detached  ^scapemeaty  referred  to,  page  247, 

Plate  IX.  63. 

53.  is  a  view  of  Owen  Robinson's  free,  or  detached  'scapement, 
where  the  unlocking  should  be  easier  effected  than  it  is  done  either  in 
Arnold's  or  Earnshaw's.     AB,  AB,  is  a  view  of  the  balance  wheel,  both 
in  plane,  and  edgeways,  being  somewhat  similar  to  the  wheel  in  the 
duplex  'scapement ;  that  is,  the  upright  teeth  are  those  which  give  im- 
pulse to  the  pallet,    while  the  long    teeth  in  the  plane  of  the    wheel 
are  those    which  lock  on  the  detent      R  is  the   roller  or  pallet,  the 
acting  face  of  which  may  be  supposed  to  have  a  piece  of  fine  stone 
inserted  there,  as  in  the  two  former  'scapements  ;  c/, «,  the  detent  spring, 
screwed  to  the  potence  plate,  and  made  rather  weaker  at  a  place  be- 
tween 8  and  the  sole,  than  anywhere  else.     It  is  at  this  place  only 
where  it  will  readily  bend,  or  yield,  which  becouies  a  centre  of  mo- 
tion to  the  detent     At  the  thick  part  d,  the  stone  for  the  detent  is 
inserted ;  the  white  part  at  d  may  be  supposed  the  upper  end  of  it, 
and  a  tooth  of  the  wheel  locked  on  the  flat  side,  next  the  centre  of 
the  roller ;   /  /  is  the  Ufting  spring  attached  to  the  inside  of  the  de- 
tent spring.     A  part  of  both  these  springs  lying  under  the  roller,  can- 
not properly  be  repreaented.     The  extreme,  or  free  end  of  the  lifting 
spring,  goes  a  little  beyond  that  of  the  detent  spring,  so  that  the  lid- 
ing  pallet  can  never  pass,    without   touching  it,  but  while   passing,  it 
never  can  touch  the  end  of  the  detent  spring.      The  lifting  pallet  is 
not  easily  seen,  but  is  of  the  same  form  as  that  in  52,  where  the  ad- 
justing screw  and  stud  is  the  same,  as  may  be  supposed  for  53,  though 
not  drawn  there.     The  face  of  the  lifting  pallet  is  just  on  the  eve  of 

touching  the  lifting  spring ;  carrying  it  on  a  little  way,  would  unlock 

68 
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the  wheel,  and  the  pallet  fiice  being  brought  to  a  pait  wheie  its  edge, 
as  aeeniothe  figure,  would  be  ready  to  receive  impulse  firom  one  of 
the  upright  teeth.  The  action  of  this  'scapement  is  quite  Ihe  same 
as  that  of  the  others.  The  great  diflference  of  radius  in  the  diame- 
tsr  of  the  wheel  of  impulse,  and  of  the  locking  wheel,  causes  this  to  press 
with  less  force  on  the  detent,  than  those  which  have  been  mentioned ; 
the  unlocking  is  outwards,  or  receding  from  the  extremities  of  the  points 
of  the  teeth,  and  when  locked,  the  roller  stands  free  between  the  teeth  of 
impulse. 

(F.) 

jP.  Lt  RcnfB  Marine  Timekeeper^  referred  to,  pages  238  and  256, 

PlaU  XL  61. 

61.  is  a  perspective  view  of  the  balance,  the  compensation,  and 
other  parts  connected  with  it,  in  M.  P.  Le  Roy's  marine  timekeeper, 
tried  by  order  of  the  King  of  France,  in  a  voyage  on  board  the  lively 
frigate  in  the  year  1768.  From  its  good  performance,  a  prize  was 
awarded  to  him  by  the  Royal  Academy  of  Sciences.  The  balance, 
or  regulator,  Y  V  V  V,  of  this  timekeeper  was  steel ;  it  was  four 
inches  in  diameter,  weighed  five  ounces,  and  was  fixed  on  an  arbor 
A  A,  about  five  inches  long.  A  brass  frame  or  mounting,  x^  x,  x, 
X,  x,  or,  to  which  the  movement  is  fixed,  keeps  the  balance  horizon- 
tally suspended  by  the  upper  end  of  its  arbor,  by  means  of  F,  a  very 
fine  harpsichord  wire,  to  which  it  is  attached  ;  the  length  of  the  wire 
is  three  inches  or  so,  forming  one  vertical  right  line  with  the  axis. 
The  movement  cannot  well  be  seen  here,  being  behind  the  upper 
part  of  the  brass  mounting ;  the  dark  shade  is  part  of  the  dial.  The 
timekeeper  goes  38  hours,  and  has  no  equalizing  for  the  main-spring, 
by  means  of  a  fusee;  the  balance-wheel  is  a  star  of  six  radii,  or 
•teeth,  and  extremely  light;  it  gives  impulse  to  a  pallet  on  the  upper 
side  of  the  rim  of  the  balance  at  every  alternate  vibration ;  and  the 
'scapement  is  a  free  or  detached  one.  In  order  that  the  balance  itiay 
turn  freely  on  its  axis,  each  of  its  pivots  is  retained,  with  proper  play, 
between  four  rollers  turning  freely  in  two  small  frames,  c  c,  c  c^  one 
for  the  lower  pivot,  fixed  to  the  under  part  of  the  brass  mounting ; 
the  upper  pivot  runs  in  the  uppermost  frames,  fixed  to  the  brass 
mounting  also,  at  a  little  distance  from  the  lower  end  of  the  harpsi- 
chord or  suspending  wire.  The  whole  is  arranged  with  the  necessary 
precautions,  so  that  the  wire  and  the  axis  of  the  balance  may  form 
always  one  vertical  right  line.    The  balance,  thus  suspended,  would 


LE  ROT'i  MAailfC  TIMC*KCCPER.  469 

mtke  fibritions,  each  of  wliich  would  take  about  30  seconds  of  time, 
by  meaiia  of  die  elasticity  of  tbe  wire  of  suspension.  Two  spird 
springs  « «« •  t,  like  those  which  serve  as  main-springs  to  conunon 
watches,  are  adjusted  to  the  lower  end  of  the  balance  arbor,  by  means 
of  their  collets  or  vimls,  like  what  the  spiral  or  pendulum  springs 
have  in  ordinary  watches,  and  are  placed  opposite  each  other  in  a 
centre  of  equilibrium  absolutely  at  rest,  so  as  to  cause  the  vibrations 
to  be  *niade  in  half  a  second.  The  sliding  cocks  d  d,  serve  to  ad- 
just, to  any  position,  the  pendulum  springs,  whose  outer  ends  are 
fixed  to  these  cocks.  To  regulate  the  time^keeper  there  is  placedt 
near  to  the  lower  end  of  the  balance  arbor^  a  small  plain  circular 
crossed  wheel  6  O,  on  the  i^per  side  of  i^ch,  and  diametrically 
opposite,  two  studs  are  fixed,  through  which  the  two  screws  z  6, 2  6, 
pass  in  such  a  manner,  that  turning  them  by  the  hand  will  make 
them  come  equally  nearer  to,  or  farther  from  the  arbor.  These 
screws,  by  their  mass,  which  can  be  diminished  at  pleasure,  according 
to  the  exigency  of  the  case,  can  be  made  to  describe  a  great  space, 
and  allow  the  machine  to  be  regulated  in  the  nicest  manner.  If  the 
eflfects  of  heat  and  cold  were  of  short  duration,  the  inconveniences 
that  have  been  exposed  might  be  neglected;  but  as  the  machine  may 
be  placed  so  as  to'  undergo  such  trials  6f  temperature  for  six  months 
at  a  time,  it  is  obvious  that  the  vibrations  of  different  extent  of  tbe 
regulator,  having  then  no  longer  the  isochronism  required,  the  causes 
which  might  be  able  to  vary  the  largeness  of  the  vibrations,  would 
considerably  aHer  the  regularity  of  the  timekeeper. 

^  Convinced  of  the  principle,^  says  Le  Roy,  "  that  I  have  just 
established,  to  compensate  the  effect  of  different  temperatures  on  my 
machine,  I  took  quite  a  new  way.  I  adapted  to  the  balance  several 
small  bars  of  brass  and  steel,  disposed  in  such  a  manner,  that,  by  their 
lengthening  in  heat,  or  shortening  in  cold,  they  were  brought  nearer 
to  or  fiuiher  from  its  centre ;  two  considerable  parts  of  its  mass, 
placed  each  at  the  extremity  of  a  lever,  and  diametrically  opposite.* 
By  the  calculatioii  which  I  had  made  of  it,  it  appeared  that  the 
whole  mass  of  the  balance  approached  to  or  receded  from  the  centre 
of  the  balance  about  iVth  of  a  line,  to  compensate  a  variation  in  heat, 
which  would  have  pfoduM  ooe  second  out  of  16  in  an  hour  in  the 
going  of  file  watch.  The  inconvenienoe  of  the  preceding  method 
made  me  soon  give  it  up ;  the  play  of  the  levers  or  bars,  and  the 
want  of  solidity  of  the  balance,  produced  errors  greater  than  fiiose 
which  I  wanted  to  compensate.      This  made  me  have  recourse  to  a 

*  ThiB  method,  or  somethtng  like  it,  was  once  used  bj  the  late  Mr.  Arnold. 
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method  which  afterwards  answered  my  utmost  expectations;  it  con* 
siflts  in  the  application  to  the  bahmce  of  two  small  thermometers, 
Ui  tU  tU  it^  made  each  of  a  glass  tube,  bent  and  open  at  one  end,  and 
having  a  ball  at  the  other. 

"  These  thermometers,  composed  of  mercury  aad  spirit  of  wine,  would 
have  formed  each  an  exact  parallelogram,  if  the  upper  side,  which 
carries  the  ball  wherein  the  spirit  of  wine  is  contained,  and  partly  on 
this  side  of  it,  had  not  been  a  little  inclined.  Both  these  thermo- 
meters are  adjusted  firmly  to  the  axis  of  the  balance,  and  in  opposi- 
tion to  each  other,  in  such  a  manner  that  the  axes  of  their  tubes,  and 
that  of  the  balance,  meet  in  the  same  plane  which  intersects  the  balls 
in  the  middle.  It  must  be  understood,  previous  to  explaining  this 
compensation,  that  the  mercury  fills  the  lower  side  of  the  tube,  and 
about  half  way  up  the  side  parts  of  it  It  will  be  easily  conceived  how 
this  construction  produces  the  compensation  required.  The  thermo- 
meters, making  part  of  the  regulator,  or  balance,  when  the  spirit  of 
wine,  by  its  expansion,  pushes  a  part  of  the  mercuiy  of  the  outer 
branch  of  the  tube  i  f,  towards  that  which  is  near  the  axis  of  mo- 
tion ;  a  portion  of  the  mercury,  as  part  of  the  mass  of  the  regulator, 
passes  then  from  its  circumference  towards  its  centre.  At  the  mean 
of  temperature,  for  example,  the  roercuiy  occupies  the  tubes  half 
way  up  in  each  side ;  whereas,  in  extreme  cold,  when  the  thermome- 
ter of  Reaumur  is — 16^,  or  that  of  Fahrenheit  33. Td^^'  below  the  freezing 
point,  or — 1.75*^,  the  outward  branch  of  the  tube  is  filled  with  mercu- 
ry, whilst  its  inward  corresponding  branch  is  empty ;  and  as  the  mass 
of  the  balance  resists,  in  the  ratio  of  the  square  of  its  distance  from 
the  centre,  there  evidently  follows  from  this  a  compensation.  If  the 
chronometer  goes  slow,  from  a  loss  in  the  elasticity  of  the  springs, 
and  from  the  expansion  of  the  balance  by  too  great  a  heat,  it  is  com- 
pensated by  less  weight  or  mass  at  the  circumference  of  the  regula-r 
tor ;  and,  tice  versa^  in  the  passage  to  cold,  this  effect  is  so  much  the 
more  sure,  as  there  is  no  shake  or  play  to  be  apprehended  here.  Be- 
sides the  expansion  of  the  spirit  of  wine  by  heat,  and  its  contracti<m 
by  cold,  are  constant  effects,  as  have  been  found  by  experience  with 
thermometers  of  this  liquor,  which  had  lost  nothing  of  their  exactness 
at  the  end  of  thirty  years.  From  the  calculation  made  for  these  ther- 
mometers, it  was  found  necessary  to  have  them  in  the  form  repre- 
sented h^e,  by  bringing  the  balls  near  to  the  centre  of  the  balance, 
in  order  to  diminish  that  resistance  of  the  air  to  its  motion,  which  it 
would  have  experienced,  had  the  balls  been  placed  at,  or  near  the 
circumference." 
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61.  No8.  1.  and  2.  are  more  distiiict  views  of  the  thermoiiieteiB 
employed  by  Le  Roy  in  the  compensation  of  his  time-keeper. 

(G.) 

Month  Cloek»^  rtferrtd  io^  ptige  36. 

In  clocks  going  a  month  or  upwards,  the  first  and  second  idieels 
should  be  on  the  left  side  of  the  frame,  in  order  that  the  cord  should 
lead  ofi*  from  the  barrel,  on  that  side  next  the  first  pinion.  An  eight- 
day  clock  should  have  the  barrel  on  the  right  hand  side,  for  the  like 
reason.  We  have  made  an  eight-day  clock,  with  two  wheels  trans- 
mitting their  force  to  the  centre  pinion ;  in  this  case,  the  barrel  was 
put  to  the  left  side ;  the  great  wheel  here  was  96,  the  second  90,  its 
pinion  30,  the  centre  pinion  24 ;  96  x  90  -4-  30  x  24  =  12,  the  num- 
ber of  hours  for  one  turn  of  the  barrel.  In  a  clock  going  a  month  or 
more,  it  is  indispensable  to  have  two  wheels  to  transmit  the  force  to 
the  centre  pini<m,  though  not  so  in  an  eight-day  one.  In  whichever 
way  the  hour-hand  is  carried  about,  it  may  not  be  amiss  to  have  a 
counterpoise  to  the  minute  hand;  the  spring  to  the  minute  pipe- 
wheel  is  commonly  put  on  by  a  round  hole,  and  sometimes  by  a 
square  hole,  fitted  on  a  square  made  to  the  outside  of  the  fore  pivot 
of  the  centre  pinion;  for  common  clocks,  this  may  perhaps  serve 
well  enough.  The  kind  of  spring  we  have  made  to  some  clocks,  had 
a  socket  underneath,  the  depth  or  height  about  one-tenth  of  an  inch 
nearly;  this  was  fitted  to  a  part  of  the  pivot  outside,  and  a  very 
litde  twisting  on  it  made  it  hold  surprismgly  fast;  the  minute  pipe, 
on  one  end,  had  a  plain  or  flat  sort  of  a  wheel,  in  diameter  an  inch 
or  more,  against  which  the  spring  pressed  when  the  minute  hand 
was  by  its  collet  piimed  down ;  a  spring-kind  of  socket  was  put  on 
the  minute  pipe,  firom  which  an  arm  projected  in  a  direction  oppo- 
site to  that  of  the  minute  hand,  having  at  its  end  such  a  weight,  so  as  it 
could  be  made  in  equipoise  with  that  of  the  minute  hand.  By  this 
means,  the  minute  hapd  could  be  set  pleasantly,  and  with  the  greatest 
precision. 
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